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1  EPO 

Description 

Background  of  the  invention 

Field  of  the  Invention 

The  present  invention  concerns  an  apparatus  for 
measuring  thermal  conductivity  used  for  measuring  the 
thermal  conductivity  of  various  materials  including  ther- 
mal  insulating  and  heat  reserving  materials  etc,  at  a 
steady-state  heat  flux. 

Prior  Art 

Generally  the  thermal  conductivity  of  various  mate- 
rials  used  as  thermal  insulating  and  heat  reserving  ma- 
terials  is  not  steady  but  varies  according  to  their  temper- 
ature.  Their  thermal  conductivity  increases  with  the  rise 
in  their  temperature,  i.e.  it  becomes  easy  for  them  to 
conduct  heat.  This  means  that  if  the  thermal  conductivity 
of  a  material  which  is  used  at  temperatures  exceeding 
1  ,000  °C  is  to  be  determined,  then  the  measurement  of 
its  thermal  conductivity  must  be  done  by  actually  heating 
it  up  to  its  service  temperature. 

A  conventional  method  for  measurement  of  thermal 
conductivity  is  prescribed  in  ASTM  c-1  77-85  etc.  and  for 
example,  it  is  shown  in  Figure  18.  This  conventional  ap- 
paratus  for  measuring  thermal  conductivity  is  equipped 
with  a  main  heater  b  and  an  auxiliary  heater  c  arranged 
respectively  in  the  upper  and  lower  parts  of  a  thermally- 
insulated  enclosure  a  which  heaters  produce  a  steady 
downward  heat  flow  in  the  enclosure  a,  and  with  a  heat 
flow  meter  d  placed  in  the  upper  part  of  the  auxiliary 
heater  c  which  plate  is  designed  for  the  measurement 
of  heat  flow  quantity  of  the  said  steady  heat  flow. 

Generally  a  device  is  used  whose  heat  flow  meter 
d  contains  a  gas  flow  path  of  a  spiral  form  through  which 
passes  the  heat-measuring  gas.  By  letting  a  specified 
volume  of  heat-measuring  gas  heated  up  to  a  specified 
temperature  flow  through  the  flow  path,  the  amount  of 
heat  received  is  calculated  from  the  temperature  rise 
and  flow  rate  of  the  heat-measuring  gas. 

In  the  conventional  apparatus  for  measuring  ther- 
mal  conductivity  made  up  as  described  above,  a  thermal 
equilibrium  state  is  created  in  the  enclosure  a  by  means 
of  the  main  heater  b  and  the  auxiliary  heater  c  by  ar- 
ranging  a  specimen  S  whose  thermal  conductivity  is  to 
be  measured  at  the  center  of  the  enclosure  a  and  by 
arranging  standard  heat  transfer  plates  S-,  and  S2  of 
known  thermal  conductivity  above  and  below  the  spec- 
imen.  The  temperature  gradient  indicated  as  line  B  is 
thus  formed  through  the  specimen  S  and  the  standard 
heat  transfer  plates  S1  and  S2.  The  thermal  conductivity 
of  the  specimen  S  at  a  particular  temperature  is  calcu- 
lated  from  the  temperature  difference  measured  by  the 
thermometers  e-,  and  e2  between  the  upper  and  lower 
surfaces  of  the  specimen  S  in  a  steady  state  while  main- 
taining  the  average  inside  temperature  of  the  specimen 
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S  at  the  temperature  to  be  measured,  and  from  the 
amount  of  heat  measured  by  the  heat  flow  meter  d  at  a 
steady  heat  flow,  i.e.  the  amount  of  heat  flow  through 
the  specimen  S. 

5  Hence,  let  the  heat  flow  measured  through  the  heat 
flow  meter  be  Q  (Kcal/h),  the  thermal  conductivity  of  the 
specimen  S  be  X(Kcal/m.h.deg),  the  distance  from  the 
surface  of  the  specimen  S  to  the  inner  portion  thereof 
be  z  (m),  the  effective  sectioned  area  of  the  specimen 

10  S  be  A  (m2)  and  the  upper  and  lower  surface  tempera- 
tures  be  61  and  62(°C  ),  then  the  following  expression  is 
obtained: 

Q  =  (X/t)-A(91-92) 
From  this  equation  thermal  conductivity  X  can  be  deter- 

15  mined  as  follows: 
X=Q-t/A(ere2)  (1) 

The  standard  heat  transfer  plates  S1  and  S2  serve  not 
only  to  maintain  the  specimen  S  at  a  high  temperature 

20  but  also  to  verify  and,  if  necessary,  to  correct  the  meas- 
ured  value  by  comparing  the  thermal  conductivity  deter- 
mined  from  such  surface  temperatures  and  the  above- 
mentioned  amount  of  heat  flow  Q  with  the  known  ther- 
mal  conductivity  values  for  S1  and  S2.  The  symbol  g  rep- 

25  resents  heaters  for  the  compensation  of  wall  tempera- 
ture,  which  controls  the  surface  temperature  of  the  en- 
closure  a  so  that  the  temperature  gradient  of  the  enclo- 
sure  is  consistent  with  the  temperature  gradient  in  the 
enclosure  a  in  order  to  avoid  the  heat  transfer  between 

30  the  enclosure  a  and  its  inner  space  thereby  preventing 
the  flow  from  dispersing  from  the  peripheral  surface  of 
the  enclosure  a. 

In  the  apparatus  for  measuring  thermal  conductivity 
as  described  above  it  goes  without  saying  that  obtaining 

35  an  adequate  accuracy  of  measurement  requires  the 
heat  flow  Q  through  the  specimen  S  to  be  measured  ac- 
curately.  Consequently  it  is  important  to  see  to  it  that 
there  is  no  dispersion  of  heat  through  the  peripheral  sur- 
face  to  the  enclosure  a,  i.e.  the  heat  flow  occurs  only 

40  downward  and  not  sideward. 
Although  for  this  reason  the  above-mentioned  con- 

ventional  device  is  provided  with  heaters  g  for  the  com- 
pensation  of  the  wall  temperature,  these  heaters  alone 
can  not  sufficiently  prevent  the  heat  in  the  specimen  S 

45  and  the  standard  heat  transfer  plates  S-,  and  S2  from 
flowing  sidewards  when  a  testing  temperature  of  the 
specimen  S  becomes  higher  (especially  over  1  500  °C). 
This  results  in  an  increase  of  errors  in  heat  flow  meas- 
urement. 

50  According  to  the  conventional  apparatus,  because 
the  temperature  is  measured  by  means  of  thermocou- 
ples,  the  highest  measurable  temperature  is  limitted  rel- 
atively  low. 

US  patent  specification  3266290  relates  to  a  meth- 
55  od  of  measuring  the  thermal  conductivity  of  a  specimen 

by  placing  it  between  a  heat  source  and  a  heat  sink,  both 
at  constant  temperature,  to  measure  the  heat  delivered 
to  the  heat  sink,  and  to  calculate  the  thermal  conductivity 
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from  the  heat  flow  and  the  associated  temperature  gra- 
dient  using  Fourier's  law. 

French  patent  specification  2245247  relates  to  a 
device  for  measuring  the  thermal  conductivity  of  a  spec- 
imen  in  which  a  heat  exchange  plate  and  a  flux  metre 
are  kept  at  a  predetermined  temperature. 

Summary  of  the  invention 

The  present  invention  which  was  made  in  view  of 
the  above  facts  has  for  its  objective  to  provide  a  thermal- 
conductivity-measuring  device  capable  of  obtaining  a 
sufficient  accuracy  of  measurement. 

According  to  the  present  invention,  there  is  provid- 
ed 

an  apparatus  for  measuring  thermal  conductivity  of 
a  specimen  (S),  wherein  the  specimen  has  a  first 
and  a  second  surface  and  a  periphery,  said  appa- 
ratus  comprising: 

(a)  a  measuring  chamber  (8)  defining  an  inner 
space  for  maintaining  the  specimen  therein; 
(b)  a  heat  source  (9)  for  uniformly  beating  the 
first  surface  of  the  specimen; 
(c)  a  first  thermometer  (34)  for  measuring  the 
temperature  of  the  first  surface  of  the  speci- 
men;  and 
(d)  a  second  thermometer  (33)  for  measuring 
the  temperature  of  the  second  surface  of  the 
specimen; 

said  apparatus  being  chatacterised  in  that  the  inner 
space  is  adiabatically  enclosed; 
said  heat  source  (9)  extends  across  substantially 
the  entire  cross-section  of  the  measuring  chamber 
so  as  to  direct  heat  uniformly  into  the  inner  space; 
and 
a  heat  flow  measuring  means  (1  5,30  to  31  )  extend- 
ing  across  the  cross-section  of  the  adiabatic  cham- 
ber  to  contact  an  inner  surface  thereof  is  disposed 
for  contacting  the  second  surface  of  the  specimen 
over  the  cross-section  of  the  chamber  for  maintain- 
ing  the  temperature  of  the  second  surface  of  the 
specimen  at  a  predetermined  temperature  and  for 
measuring  the  thermal  energy  flowing  through  the 
second  surface; 
wherein  the  measuring  chamber  (8)  can  maintain 
the  specimen  so  that  the  peripheral  surface  of  the 
specimen  can  contact  the  inner  surface  of  the  adi- 
abatic  chamber  as  well  as  the  heat  flow  measuring 
means  over  the  cross-section  of  the  chamber, 
whereby  the  heat  source  can  uniformily  heat  the 
first  surface  of  the  specimen  uniformly  over  the 
cross-section  of  the  chamber,  thereby  creating  a 
substantially  unidirectional  heat  flow  through  the 
specimen  from  the  first  surface  of  the  specimen, 
through  the  specimen,  and  then  through  the  second 

surface  of  the  specimen. 

Brief  Explanation  about  the  Drawings 

5  Figure  1  is  a  vertical  section  of  the  thermal-conduc- 
tivity-measuring  device  in  the  first  preferred  embodi- 
ment  of  the  present  invention. 

Figure  2  is  a  drawing  explaining  about  the  effect  of 
heat  transfer  of  the  wall-temperature-compensating 

10  plate  in  the  said  device. 
Figure  3  is  a  drawing  explaining  about  the  effect  of 

heat  transfer  obtained  when  the  thickness  of  the  wall- 
temperature-compensating  plate  is  varied. 

Figure  4  (a)  is  a  horizontal  section  of  the  heat  flow 
is  meter  in  the  said  device. 

Figure  4  (b)  is  a  lateral  section  of  the  heat  flow  me- 
ter. 

Figure  5  (a)  is  a  horizontal  section  of  the  compen- 
sating  cooling  plate  in  the  said  device. 

20  Figure  5  (b)  is  a  lateral  section  of  the  compensating 
cooling  plate. 

Figure  6  is  a  perspective  view  of  the  standard  heat 
transfer  plate  in  the  device. 

Figure  7  is  a  perspective  view  indicating  another  ex- 
25  ample  of  the  standard  heat  transfer  plate. 

Figure  8  is  a  vertical  section  of  the  apparatus  for 
measuring  thermal  conductivity  in  the  second  preferred 
embodiment  of  the  present  invention. 

Figure  9  is  a  block  diagram  of  the  circulating  system 
30  in  the  device. 

Figure  10  is  a  drawing  indicating  another  example 
of  the  circulating  system. 

Figure  11  is  a  vertical  section  of  the  thermal-con- 
ductivity-measuring  device  in  the  third  preferred  embod- 

35  iment  of  the  present  invention. 
Figure  1  2  is  a  perspective  view  indicating  the  enclo- 

sure  in  the  device. 
Figure  13  is  a  partial  vertical  section  of  the  device. 
Figure  14  (a)  is  a  partial  vertical  section  indicating 

40  a  temperature  distribution  in  the  inner  part  of  the  device. 
Figure  1  4  (b)  is  a  drawing  indicating  a  temperature 

distribution  in  the  specimen  and  in  the  heat-flow-com- 
pensation  cylinder. 

Figure  15  is  a  partial  vertical  section  indicating  an- 
45  other  example  of  the  device. 

Figure  16  is  a  perspective  view  indicating  another 
example  of  the  heat-flow-compensation  cylinder. 

Figure  17  is  a  vertical  section  indicating  the  fourth 
preferred  embodiment  of  the  apparatus  for  measuring 

so  thermal  conductivity  of  the  present  invention. 
Figure  1  8  is  a  vertical  section  indicating  a  case  of  a 

conventional  apparatus  for  measuring  thermal  conduc- 
tivity. 

55  Detailed  Description  of  the  Invention 

In  the  following  the  second  preferred  embodiment 
of  the  invention  is  explained  by  reference  to  Figures  I 

3 
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and  2. 
Figure  1  is  a  vertical  drawing  indicating  the  general 

configuration  of  the  apparatus  for  measuring  thermal 
conductivity  in  the  case  here  in  question.  The  numeral 
1  indicates  a  housing  made  up  of  a  body  2  with  water 
jacket  and  of  a  cover  4  connected  to  the  body  2  with  a 
hinge  3. 

In  the  housing  1  is  built  a  measuring  chamber  8  con- 
sisting  of  a  lower  and  upper  disc  shaped  heat  insulators 
5  and  6  and  a  cylindrical  lateral  heat  insulator  7  in  which 
the  specimen  S  is  placed.  In  the  upper  space  of  this 
measuring  chamber  8  is  mounted  a  main  heater  9  to 
maintain  the  measuring  chamber  8  at  a  specified  tem- 
perature  while  in  the  lower  heat  insulator  5  is  embedded 
a  compensating  heater  10  to  maintain  the  inside  tem- 
perature  of  the  lower  heat  insulator  5  at  the  same  level 
as  that  of  the  heat  flow  meter  (described  later).  To  the 
main  heater  9  and  the  compensating  heater  1  0  are  con- 
nected  electrodes  11  and  12  which  pass  through  the 
cover  4  of  the  housing  1  and  the  body  2.  The  numeral 
13  indicates  a  radiation  thermometer  to  measure  the 
temperature  in  the  measuring  chamber  8. 

The  inside  of  the  lateral  heat  insulator  7  which  forms 
the  side  wall  of  the  measuring  chamber  8  is  covered  with 
a  wall-surface-temperature-compensating  plate  (call 
heat  compensating  plate  hereinafter)  1  4  which  is  formed 
in  a  cylindrical  shape  with  materials  having  an  adequate 
resistance  to  heat  and  an  excellent  thermal  conductivity 
like,  for  example,  graphite,  heat-resistant  steel,  molyb- 
denum  etc.  This  heat  compensating  plate  14,  which  is 
described  later,  transfers  heat  from  the  upper  to  the  low- 
er  of  the  measuring  chamber  8  because  of  its  excellent 
thermal  conductivity  and  serves  thus  to  maintain  the  in- 
side  temperature  gradient  of  the  lateral  heat  insulator  7 
at  the  same  level  as  that  of  the  specimen  S  etc. 

At  the  center  in  the  upper  part  of  the  lower  heat  in- 
sulator  5  is  arranged  a  disc  shaped  heat  flow  meter  15 
around  which  an  annular  compensating  cooling  plate  1  6 
is  located. 

The  heat  flow  meter  15,  as  shown  in  Figure  4  (a) 
and  (b),  contains  a  path  17  for  heat-measuring  gas  for 
the  measurement  of  the  inner  received  heat,  made  up 
of  upper  and  lower  plates  and  a  partition  plate,  each  con- 
sisting  of  metal,  which  is  formed  like  a  double  spiral  with 
inlet-side  and  outlet-side  paths  adjacent  to  each  other. 
An  inlet  18  and  an  outlet  19  for  heat-measuring  gas  are 
located  side  by  side  each  at  one  end  of  the  inlet-side 
path  17a  and  the  outlet-side  path  17b.  The  other  ends 
of  the  said  paths  which  are  located  at  the  center  of  the 
heat  flow  meter  15  are  connected  to  each  other.  The 
heat-measuring  gas  introduced  from  the  inlet  18  flows 
thus  toward  the  center  from  the  periphery  in  the  inlet- 
side  path  17a  as  indicated  by  an  arrow  in  the  drawing 
to  be  led  at  the  center  of  the  heat  flow  meter  15  toward 
the  outlet-side  path  17b  through  which  it  flows  back  to 
the  periphery.  To  the  above-mentioned  inlet  18  and  out- 
let  1  9  are  connected  an  inlet  pipe  20  and  an  outlet  pipe 
21  to  lead  the  heat-measuring  gas  in  and  out  as  indicat- 

ed  by  arrows  in  Figure  1  . 
The  above-mentioned  compensating  cooling  plate 

16  is  built  in  the  same  way  as  the  heat  flow  meter  15 
except  that  it  is  annular  and  that  the  said  heat  flow  meter 

5  1  5  is  placed  at  its  center.  That  is  to  say,  this  compensat- 
ing  cooling  plate  16,  as  indicated  in  Figure  5  (a)  and  (b), 
contains  a  cooling  gas  flow  path  22  formed  with  upper 
and  lower  plates  and  a  partition  plate,  each  consisting 
of  metal,  which  is  formed  like  a  double  spiral  with  inlet- 

10  side  22a  and  outlet-side  22b  paths  adjacent  to  each  oth- 
er.  An  inlet  23  and  an  outlet  24  for  cooling  gas  are  lo- 
cated  side  by  side  each  at  one  end  of  inlet-side  and  out- 
let-side  paths  22a  and  22b  located  at  the  innermost  pe- 
riphery  of  this  compensating  cooling  plate  16  while  the 

is  other  ends  of  the  said  paths  which  are  located  at  the 
outermost  periphery  of  the  compensating  cooling  plate 
16  are  connected  to  each  other.  The  cooling  gas  intro- 
duced  from  the  inlet  23,  as  indicated  by  an  arrow  in  the 
drawing,  flows  thus  through  the  inlet-side  path  22a  from 

20  the  inner  to  the  outer  periphery  from  where  it  is  led  to 
the  outlet-side  path  22b,  then  through  the  outlet-side 
path  22b  back  to  the  inner  periphery  and  then  out  of  the 
outlet  24  to  the  periphery.  To  the  above-mentioned  inlet 
23  and  outlet  24  are  connected  an  inlet  pipe  25  and  an 

25  outlet  pipe  26  to  lead  the  cooling  gas  in  and  out  as  indi- 
cated  by  arrows  in  Figure  1  . 

The  above-mentioned  heat-measuring  and  cooling 
gases  are  heated  to  a  specified  temperature  by  gas  pre- 
heaters  27  and  28  (as  shown  in  Figure  1)  embedded  in 

30  the  lower  heat  insulator  5  and  are  then  led  into  the  heat 
flow  meter  15  and  the  compensating  cooling  plate  16, 
respectively.  Thermometers  (not  shown)  are  provided 
for  measuring  the  temperature  at  the  inlet  1  8  and  outlet 
1  9  for  heat-measuring  gas  as  well  as  at  the  inlet  23  and 

35  outlet  24  for  cooling  gas,  respectively. 
The  above-mentioned  heat  flow  meter  15,  like  the 

one  d  used  in  the  conventional  apparatus  for  measuring 
thermal  conductivity,  is  intended  to  measure  the  temper- 
ature  at  the  inlet  18  and  outlet  19  and  thereby  measure 

40  the  received  heat  by  the  heat-measuring  gas,  i.e.  the 
transmitted  heat  through  the  specimen  S,  on  the  basis 
of  the  temperature  difference  between  the  inlet  18  and 
the  outlet  1  9  and  the  gas  flow  at  the  inlet  and  the  outlet 
19.  The  compensating  cooling  plate  16  placed  around 

45  the  periphery  of  the  heat  flow  meter  15,  on  the  other 
hand,  is  intended  to  prevent  the  outward  flow  of  heat 
from  the  heat  flow  meter  15  by  maintaining  its  temper- 
ature  at  the  same  level  as  the  heat  flow  meter  15  and  is 
intended  to  control  the  heat  flow  which  flows  from  the 

so  measuring  chamber  8  to  the  heat  flow  meter  15  to  be- 
come  lateral  flow. 

On  top  of  the  above-mentioned  heat  flow  meter  15 
and  compensating  cooling  plate  16  is  arranged  a  heat- 
measuring  plate  29  on  top  of  which  is  located  a  disc 

55  shaped  standard  heat  transfer  plate  30  of  a  material  with 
a  known  thermal  conductivity. 

This  standard  heat  transfer  plate  30,  which,  like  the 
above-mentioned  standard  heat  transfer  plates  s-,  and 
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s2  used  in  a  conventional  device,  is  intended  to  maintain 
the  temperature  of  the  specimen  S  at  a  high  level  and 
the  surface  temperature  of  the  heat  flow  meter  15  at  a 
low  level  and  which  is  at  the  same  time  intended  to  verify 
and  correct  a  measured  heat  flow  value  determined 
from  the  temperature  difference  and  known  thermal 
conductivity  by  measuring  the  upper  and  lower  surface 
temperature  of  the  heat  transfer  plate  30  with  a  ther- 
mometer  (not  shown)  inserted  in  the  heat-measuring 
plate  29  and  a  thermocouple  33  inserted  in  the  lower 
heat-measuring  plate  described  later,  is  a  layer-built 
structure  made  of  laminar  heat  insulator  30a  such  as 
formed  plate  of  carbon  fiber  densely  wound  in  a  spiral 
form.  As  its  laminar  heat  insulator  30a  has  a  wound 
form,  this  standard  heat  transfer  plate  30  has  a  thermal 
conductivity  2  to  3  times  higher  in  the  direction  of  thick- 
ness  than  in  the  direction  of  diameter.  This  means  that 
this  standard  heat  transfer  plate  30  transfers  heat  easily 
in  the  direction  of  thickness  but  with  difficulty  in  the  di- 
rection  of  diameter. 

On  top  of  the  standard  heat  transfer  plate  30  is 
placed  a  lower  heat-measuring  plate  31  on  which  is 
placed  the  specimen  S  whose  thermal  conductivity  is  to 
be  measured  while  an  upper  heat-temperature  plate  is 
placed  on  top  of  the  said  specimen  S.  Inserted  in  the 
lower  31  and  upper  32  heat-measuring  plates  are  ther- 
mocouples  33  and  34  respectively  which  measure  the 
temperature  of  the  lower  and  upper  surfaces  of  the 
specimen  S. 

The  numeral  35  indicates  a  cylindrical  heat  insulator 
placed  outside  the  standard  heat  transfer  plate  30. 

To  measure  the  thermal  conductivity  X  of  the  spec- 
imen  S  at  a  high  temperature  by  means  of  the  device 
set  up  as  described  above,  first  place  the  specimen  S 
in  the  measuring  chamber  8,  put  the  upper  measuring 
plate  32  onto  the  said  specimen  and  insert  the  thermo- 
couple  34  into  the  upper  measuring  plate  32.  Seal  up 
the  measuring  chamber  8  with  the  upper  heat  insulator 
6,  close  the  cover  4  of  the  housing  1,  heat  the  measuring 
chamber  8  with  the  main  and  compensating  heaters  9 
and  1  0  up  to  a  specified  preset  temperature  to  maintain 
the  inner  temperature  of  the  specimen  S  at  T°C  at  which 
the  thermal  conductivity  is  to  be  measured.  Also,  heat 
the  measuring  and  cooling  gases  with  the  preheaters 
27  and  28  respectively  up  to  a  specified  temperature 
and  let  them  flow  through  the  heat  flow  meter  15  and 
the  compensating  cooling  plate  16  to  maintain  the  tem- 
peratures  of  the  gases  at  a  level  equal  to  each  other. 

When  a  stationary  thermal  equilibrium  is  reached  in 
the  temperature  of  the  measuring  chamber  8  as  well  as 
in  the  inner  temperatures  of  the  specimen  S  and  the 
standard  heat  transfer  plate  30,  i.e.  when  no  tempera- 
ture  change  is  observed,  then  measure  the  upper  and 
lower  surface  temperatures  61  and  62  of  the  specimen 
S  with  the  thermocouples  34  and  33  as  well  as  the  inlet 
and  outlet  temperatures  of  the  measuring  gas  flowing 
through  the  heat  flow  meter  15  and  find  the  received 
heat,  i.e.  the  transmitted  heat  through  the  specimen  S, 

on  the  basis  of  the  temperature  difference  and  the  quan- 
tity  of  flow  of  the  measuring  gas,  and  determine  the  ther- 
mal  conductivity  X  of  the  specimen  S  at  a  temperature 
of  T  with  the  above-mentioned  equation  (1)  from  the 

5  transmitted  heat  and  the  upper  and  lower  surface  tem- 
peratures  61  and  62  and  the  thickness  t  of  the  specimen 
S.  In  this  case  the  effective  area  A  of  the  specimen  S 
equals  the  area  of  the  heat  flow  meter. 

Also,  it  suffices  to  measure  the  temperature  differ- 
10  ence  between  the  upper  and  lower  surfaces  of  the 

standard  heat  transfer  plate  30,  then  determine  the  ther- 
mal  conductivity  from  the  said  temperature  difference 
and  the  above-mentioned  transmitted  heat  Q  and  com- 
pare  the  heat  transfer  conductivity  thus  determined  with 

is  the  known  one  in  order  to  verify  and,  if  necessary,  to 
correct  the  result  of  the  measurement. 

The  apparatus  for  measuring  thermal  conductivity 
explained  above  in  which  the  inside  of  the  measuring 
chamber  8  is  covered  with  the  heat  compensating  plate 

20  1  4  prevents  a  heat  flow  from  the  sides  of  the  specimen 
S  without  installing  heat  flow  from  the  sides  of  the  spec- 
imen  S  without  installing  wall-temperature-compensat- 
ing  heaters  g  required  in  the  conventional  thermal  con- 
ductivity-measuring  and  as  such  can  accurately  meas- 

25  ure  the  amount  of  heat  conducted  through  the  specimen 
S. 

Even  in  this  device  like  the  conventional  one  it  is 
impossible  to  avoid  a  heat  radiation  from  the  lateral  heat 
insulator  7  due  to  a  temperature  difference  with  the  out- 

30  side.  This  would  therefore  result,  if  no  particular  meas- 
ure  is  taken,  in  a  decrease  in  the  temperature  of  the  low- 
er  portion  of  this  lateral  heat  insulator  7,  i.e.  the  temper- 
ature  of  the  specimen  S  and  the  periphery  of  the  stand- 
ard  heat  transfer  plate  30.  The  device  here  under  review, 

35  in  which  the  inside  of  the  measuring  chamber  8  is  pro- 
vided  with  the  heat  compensating  plate  14  of  a  highly 
heat-conductive  material  extending  therein,  however, 
permits  such  an  amount  of  heat  as  may  be  lost  by  the 
effect  of  heat  conduction  to  be  conducted  through  the 

40  heat  compensating  plate  1  4  to  the  lateral  heat  insulator 
7  so  that  the  heat  radiation  from  the  specimen  S  and  the 
standard  heat  transfer  plate  30  to  their  peripheries  can 
be  avoided  effectively.  As  the  function  of  the  heat  com- 
pensating  plate  14  is  to  transmit  heat  downward  there- 

45  through  to  the  peripheral  part  of  the  specimen,  the  heat 
compensating  plate  14  may  not  be  disposed  to  cover 
the  whole  part  of  the  chamber  8  above  the  specimen.  It 
is  sufficient  that  the  heat  compensating  plate  14  pro- 
trudes  in  the  measuring  chamber  8  from  the  peripheral 

so  part  of  the  specimen. 
The  following  gives  a  full  account  of  the  above-men- 

tioned  fact  by  reference  to  Figure  2.  Let  the  average 
thermal  conductivity  of  the  lateral  heat  insulator  7  be 
La-,,  the  distance  from  the  surface  thereof  be  z2,  the  in- 

55  side  diameter  be  D,  the  height  of  the  specimen  S  be  I-,, 
the  temperature  of  the  upper  surface  of  the  specimen  S 
be  6-,  and  that  of  the  lower  surface  be  62  and  the  external 
surface  temperature  of  the  lateral  heat  insulator  7  be  63, 
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then  the  amount  of  heat  lost  Q-,  from  the  lateral  heat 
insulator  7  in  contact  with  the  specimen  S  through  the 
heat  compensating  plate  14  can  be  approximately  ex- 
pressed  as  follows  (the  following  equation  is  an  approx- 
imation  obtained  on  the  assumption  that  the  diameter  of 
the  lateral  heat  insulator  7  is  large  enough  to  allow  an 
approximation  in  the  form  of  a  heat  transfer  through  a 
flat  plate  and  that  the  distance  z-,  from  the  surface  of  the 
heat  compensating  plate  which  is  an  extremely  small 
value  as  compared  with  D  is  negligible): 

q1  =(V82).7C.D.i1.[{(e1+e2y2}-e3] 
The  upper  part  of  the  heat  compensating  plate  14 

which  faces  the  inside  of  the  measuring  chamber  8,  on 
the  other  hand,  has  a  sufficiently  high  temperature.  Now, 
if  this  temperature  decreases  as  a  result  of  the  above- 
mentioned  heat  loss  from  the  lateral  heat  insulator,  then 
this  gives  rise  to  an  effective  heat  transfer  from  the  upper 
to  the  lower  part  of  the  heat  compensating  plate  1  4,  as 
indicated  by  an  arrow  in  the  drawing  whereby  heat  is 
transferred  from  the  upper  space  of  the  measuring 
chamber  8  through  the  heat  compensating  plate  14  to 
the  lateral  heat  insulator  7.  The.  transmitted  heat  thus 
transferred  Q2  can  be  approximately  expressed  as  fol- 
lows  if  we  let  the  average  thermal  conductivity  of  the 
heat  compensating  plate  1  4  be  ~K2  apd  tne  distance  from 
the  surface  thereof  be  z-,: 

q2  ={X2/(\2/2)yn-D-dv{^-Q2)/2} 
Therefore,  by  properly  setting  the  values  of  the  ther- 

mal  conductivity  X2  and  the  distance  z1  of  the  heat  com- 
pensating  plate  1  4,  there  will  be  no  decrease  in  the  tem- 
perature  of  the  lateral  heat  insulator  7  nor  therefore  de- 
crease  in  the  temperature  of  the  heat  compensating 
plate  1  4  so  that  the  temperature  of  the  heat  compensat- 
ing  plate  14  will  naturally  remain  at  the  same  level  as 
that  of  the  specimen  S.  As  a  result,  the  heat  flowing 
through  the  specimen  S  can  be  prevented  from  flowing 
outward  through  the  heat  compensating  plate  14  and 
the  lateral  heat  insulator  7. 

Although  the  above  example  of  calculation  con- 
cerns  the  outer  periphery  of  the  specimen  S,  there  is 
also  a  similar  lateral  flow  of  heat  at  the  outer  periphery 
of  the  standard  heat  transfer  plate  30.  It  therefore  goes 
without  saying  that  the  actual  distance  z-,  of  the  heat 
compensating  plate  14  is  determined  by  making  a  cal- 
culation  taking  into  account  the  whole  range  of  possible 
lateral  heat  flows. 

Since  the  device  in  the  first  preferred  embodiment 
employs  the  heat  flow  meter  15  with  the  gas  flow  path 
17  formed  like  a  double  spiral,  the  surface  temperature 
of  the  heat  flow  meter  never  becomes  uneven  which 
makes  it  possible  to  obtain  adequate  accuracy  of  meas- 
urement. 

This  means  that  if  in  the  above  heat  flow  meter  15 
we  let  the  gas  temperature  at  the  inlet  18  be  t0°C  and 
that  at  the  outlet  19  be  t0°C,  we  obtain  the  following 
equation  because  it  is  possible  to  maintain  a  nearly 
mean  temperature  of  the  said  temperatures: 

T  =  (t0+te)/2 
The  following  gives  a  full  account  of  this  fact  by  ref- 

erence  to  Figure  4.  Let  the  paths  from  the  outer  periph- 
ery  side  of  the  inlet-side  path  of  the  above-mentioned 
heat  flow  meter  15  be  marked  in  regular  order  with  A, 
B,  C  and  D  and  those  from  the  center  of  the  outlet-side 
path  17  be  marked  in  regular  order  with  E,  F,  G  and  H 
and  let  the  gas  temperatures  in  the  respective  paths  A 
through  H  on  the  line  P  located  at  a  rotation  angle  of  Be 
degrees  from  the  inlet  1  8  and  the  outlet  1  9  be   ̂ through 
t8  and  now  examine  the  paths  A  and  H,  then  since  we 
can  consider  the  radii  of  these  paths  A  and  H  to  be  ap- 
proximately  equal  to  each  other,  the  temperature  t1  on 
the  line  P  in  the  path  A  may,  if  we  let  each  of  the  said 
radii  be  R  and  the  specific  amount  of  gas  temperature 
rise  per  unit  length  of  the  gas  paths  A  and  H  be  A  t,  be 
expressed  as  follows  because  the  amount  of  heat  re- 
ceived  by  a  measuring  gas  may  be  assumed  to  be  pro- 
portional  to  the  length  of  a  gas  path. 

t1  =  (p/180)-7i-R-At+t0 
The  temperature  t8  on  the  line  P  in  the  path  H,  on 

the  other  hand,  may  be  expressed  as  follows: 
t8  =te-(p/180)-7i-R-At 

Therefore,  we  obtain: 
t1  -  18  =  ti  +  to. 

Hence,  if  we  let  the  average  temperature  between 
the  paths  A  and  H  on  the  line  P  be  T18,  then  we  obtain: 

T18  =  (t1  +  18)/2  =  (ti  -  to)/2. 
Similarly  the  following  equation  holds: 

t2  +t7  =  t3  +t6  =  t4  =  t5  =  ti  +  to, 
hence,  if  we  let  the  average  gas  temperature  in  the  paths 
B  and  G  be  T27,  the  one  in  paths  C  and  F  be  T36  and 
the  one  in  paths  D  and  E  be  T45,  then  we  obtain: 

T27  =  T36  =  T45  =  (ti  +  to)/2. 
As  can  be  from  the  above,  in  the  heat  flow  meter  1  5 

the  average  temperatures  of  the  measuring  gases  pass- 
ing  through  the  paths  which  are  adjacent  to  each  other 
are  all  the  same  and  hence  the  surface  temperature  of 
the  heat  flow  meter,  too,  is  the  same  so  that  ultimately 
the  heat  flow  meter  15  as  a  whole  has  an  almost  even 
temperature. 

In  addition,  the  apparatus  for  measuring  thermal 
conductivity  here  under  review  is  provided  with  that  an- 
nular  compensating  cooling  plate  16  around  the  heat 
flow  meter  15  which  like  the  heat  flow  meter  15  also 
maintains  an  even  temperature  all  over  the  surface.  As 
a  result,  by  controlling  the  temperature  of  cooling  gas  at 
the  inlet  23  and  the  outlet  24  so  as  to  make  it  equal  to 
that  of  the  measuring  gas  at  the  inlet  18  and  the  outlet 
1  9,  we  can  eliminate  the  flow  of  heat  between  the  heat 
flow  meter  15  and  the  compensating  cooling  plate  16. 
In  this  respect,  too,  we  can  improve  the  accuracy  of 
measurement. 

Besides,  since  in  the  device  according  to  the  first 
preferred  embodiment  the  standard  heat  transfer  plate 
30  employed  has  a  thermal  conductivity  which  is  small 
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in  the  axial  direction  than  in  the  radial  direction  due  to 
the  particular  spiral  form  of  the  laminar  heat  insulator 
30a,  the  steady  transmitted  heat  through  the  specimen 
S  flows  only  downward  through  the  standard  heat  trans- 
fer  plate  30  and  is  restricted  from  flowing  sidewards. 
Consequently  the  loss  of  heat  flowing  sideward  from  the 
standard  heat  transfer  plate  30  will  naturally  be  mini- 
mized.  In  this  respect,  too,  the  apparatus  for  measuring 
thermal  conductivity  here  under  review  is  capable  of  ex- 
actly  measuring  the  transmitted  heat  Q  and  hence  im- 
proving  the  accuracy  of  measurement. 

In  the  above-mentioned  the  first  preferred  embodi- 
ment  it  should  be  noted  that  although  use  is  made  of 
graphite,  heat-resistant  steel  or  molybdenum  as  a  ma- 
terial  for  the  heat  compensating  plate,  it  is  quite  possi- 
ble,  to  use  any  other  material  as  long  as  such  material 
is  heat-resistant  enough  to  withstand  use  at  high  tem- 
peratures  and  is  much  more  heat-conductive  than  the 
heat  insulator  in  use. 

Assumption  is  made  on  the  other  hand  in  the  above- 
mentioned  the  first  preferred  embodiment  that  the  heat 
lost  from  the  lateral  heat  insulator  7  and  the  transmitted 
heat  from  the  heat  compensating  plate  14  to  the  heat 
insulator  7  are  both  constant  in  the  direction  of  thickness 
of  the  specimen  S  so  that  the  thickness  of  the  heat  com- 
pensating  plate  14  is  assumed  to  be  constant  which  in 
normal  cases  proves  to  be  sufficiently  effective.  Howev- 
er,  there  is  actually  a  temperature  gradient  developed 
in  the  specimen  S  so  that  the  above-mentioned  heat 
loss  Q1  and  the  transmitted  heat  Q2  are  not  constant  in 
the  direction  of  thickness  of  the  specimen  S.  Conse- 
quently,  if  we  make  the  transmitted  heat  to  all  the  parts 
of  the  lateral  heat  insulator  7  vary  according  to  the 
amount  lost  by  making  the  thickness  of  the  heat  com- 
pensating  plate  14  gradually  smaller  from  the  upper  to 
the  lower  part,  then  we  can  obtain  a  higher  accuracy  of 
measurement. 

The  following  gives  a  full  account  of  this  fact  by  ref- 
erence  to  Figure  3.  Consider  the  heat  balance  at  a  dis- 
tance  to  lx  from  the  lower  part  of  the  specimen  S,  as 
indicated  in  Figure  3  and  let  the  heat  loss  at  this  position 
lx  from  the  lateral  heat  insulator  7  be  Q,',  then  this  Q,' 
may  be  approximately  expressed  as  follows: 

q /   =  (X1/d2}-7r-D-ix-{e2+(e1  -e2)-ix/2i1  -e3} 
Also,  consider  the  heat  balance  in  the  heat  compen- 

sating  plate  14  at  the  above-mentioned  position  lx  and 
assume  an  extremely  small  length  A  ,  in  this  part,  then 
the  transmitted  heat  Q2'  through  this  part  A  ,  may,  if  we 
let  the  average  heat  conductivity  of  the  heat  compen- 
sating  plate  14  be  X2  and  the  distance  from  this  place 
of  the  heat  compensating  plate  14  be  z-,',  be  approxi- 
mately  expressed  as  follows: 

Q2'  =  (X2/A1)-7i-D-d/-Ae 
where  Del  Th  is  the  temperature  difference  between  the 
inner  temperature  6X  of  the  heat  compensating  plate  1  4 
at  the  position  lx  and  that  of  the  same  at  the  extremely 
small  distance  A  I  from  the  position  lx.  This  temperature 

difference  A  6  is  a  constant  which  is  proportional  to  A  | 
in  case  the  temperature  gradient  of  the  specimen  S  (i. 
e.  degree  of  change  between  the  upper  6  and  lower 
62  surface  temperatures)  is  linear  (all  the  examples  of 

5  calculations  hitherto  introduced  are  such  cases). 
Consequently,  by  determining  a  distance  z-,'  such 

that  the  above  equations  result  in  Q2',  Q-,',  i.e.  by  pro- 
viding  such  a  change  in  the  distance  z/as  may  be  pro- 
portional  to  the  value  Q|',  it  becomes  possible  to  cause 

10  the  heat  loss  at  each  one  the  positions  in  the  direction 
of  thickness  of  the  specimen  S  from  the  lateral  heat  in- 
sulator  to  be  equal  to  the  transmitted  heat  through  the 
heat  compensating  plate  1  4.  For  this  purpose  it  suffices 
to  vary  the  distance  z/  so  as  to  fulfill  the  following  rela- 

ys  tion: 
d1  7d1  is  proportional  to  lx/11 

This  means  that  it  suffices  to  properly  adjust  the  thick- 
ness  of  the  heat  compensating  plate  1  4  so  that  it  is  grad- 
ually  smaller  from  the  upper  to  the  lower  part,  as  indi- 

20  cated  in  Figure  3.  By  so  doing,  the  inside  of  the  speci- 
men  S  and  the  heat  compensating  plate  14  which  is  in 
contact  with  it  can  maintain  one  and  the  same  temper- 
ature  all  over  the  surface  respectively  and,  as  a  result, 
we  can  obtain  an  accuracy  of  measurement  which  is 

25  much  better  than  the  one  obtained  in  that  above-men- 
tioned  case  in  which  the  thickness  of  the  heat  compen- 
sating  plate  14  is  constant. 

It  should  be  noted  that  the  above  example  of  calcu- 
lation  is  based  upon  the  assumption  that  the  tempera- 

30  ture  gradient  in  the  specimen  S  is  linear  and  the  material 
(heat  conductivity)  of  the  lateral  heat  insulator  7  and  of 
the  heat  compensating  plate  14  is  the  same.  If  there  is 
change  in  these  conditions,  then  the  variation  in  the 
thickness  of  the  heat  compensating  plate  1  4  will  not  lin- 

35  ear  but  more  complicated. 
It  should  also  be  noted  that  although  in  the  above- 

mentioned  first  preferred  embodiment  the  gas  path  17 
which  is  formed  into  a  double  spiral  in  the  heat  flow  me- 
ter  1  5  with  one  part  almost  concentric  and  the  other  part 

40  bent  inward,  it  may  be  of  course  realized  in  the  form  of 
a  perfect  spiral.  In  addition,  although  in  the  heat  flow 
meter  in  the  above-mentioned  case  the  inlet  1  8  and  out- 
let  1  9  for  gas  are  installed  on  the  outer  periphery  side, 
they  may  just  as  well  be  installed  at  the  center  of  the 

45  heat  flow  meter  15  so  as  to  let  the  measuring  gas  flow 
from  the  center  to  the  outer  periphery  and  then  back  to 
the  center. 

Besides,  in  the  above-mentioned  case,  although  a 
formed  plate  of  carbon  fiber  is  used  as  the  laminar  heat 

50  insulator  30a  constituting  the  standard  heat  transfer 
plate  30,  any  other  material  will  do  as  long  as  it  is  has 
heat-insulating  and  heat-resistant  properties.  Besides, 
as  illustrated  in  Figure  7,  one  may  just  as  well  form  the 
standard  heat  transfer  plate  30  by  winding  2  laminations 

55  of  two  different  kinds  of  materials,  one  laid  on  top  of  the 
other.  If  in  this  case  we  employ  a  laminar  heat  insulator 
30a  such  as,  for  example,  alumina  silica  paper  as  one 
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of  the  two  laminas  and  a  highly  heat  transfer  material 
such  as,  for  example,  metal  plate  30b  as  the  other  lam- 
ina,  then  we  can  secure  a  good  thermal  conductivity  in 
the  direction  of  thickness  owing  to  the  metal  plate  30b 
and  also  obtain  the  possibility  of  enlarging  the  thickness- 
to-diameter  thermal  conductivity  ratio  due  to  the  heat 
insulator  which  restricts  the  thermal  conductivity  in  the 
radial  direction.  A  combination  of  graphite  heat  insulator 
and  graphite  foil  multi-layer  winding  proves  to  be  effec- 
tive  for  use  at  high  temperatures. 

In  the  above-mentioned  case  the  standard  heat 
transfer  plate  30  is  provided  only  on  the  lower  surface 
of  the  specimen  30.  One  may  however  just  as  well  pro- 
vide  another  type  of  standard  heat  transfer  plate  formed 
in  the  same  way  as  above  on  the  upper  surface  of  the 
specimen. 

Now,  the  following  explains,  by  reference  to  Figures 
8  to  10,  about  the  second  preferred  embodiment  of  the 
present  invention.  Here,  however,  the  same  constituent 
elements  as  those  of  the  device  discussed  in  the  above- 
mentioned  first  preferred  embodiment  should  be  provid- 
ed  with  the  identical  numerals  and  no  detailed  explana- 
tion  is  given  about  them. 

The  apparatus  for  measuring  thermal  conductivity 
under  review  in  the  second  preferred  embodiment  is  set 
up  in  such  a  way  that  the  compensating  heater  10  re- 
ferred  to  in  the  executed  the  first  preferred  embodiment 
is  omitted  and  the  heat  compensating  plate  50  is  pro- 
vided  in  the  lower  heat  insulator  5.  The  heat  compen- 
sating  plate  50,  like  the  heat  flow  meter  1  5  and  the  com- 
pensating  cooling  plate  16,  contains  a  path  formed  into 
a  spiral  (not  shown)  for  water  which  as  a  heat-measuring 
fluid  is  supplied  by  a  circulating  system  to  the  heat- 
measuring  plate  15,  the  compensating  cooling  plate  16 
and  the  heat  compensating  plate  50. 

This  circulating  system,  which  is  made  up  of  the 
main  components  as  illustrated  in  Figure  9  including  a 
circulating  pump  (means  for  pressurized  feed)  51  and  a 
cooler  (means  for  temperature  adjustment)  52  installed 
at  the  pressure  side  of  the  said  circulating  pump  51  ,  is 
designed  to  circulate  water  for  heat  transfer  by  pumping 
the  water  with  the  circulating  pump  51  to  the  cooler  52 
where  the  water  is  cooled  down  to  a  specified  temper- 
ature  before  it  is  led  through  feed  pipes  55  and  56 
branched  off  via  flow-control  valves  53  and  54  to  and 
then  through  heat  flow  meter  15  and  the  compensating 
cooling  plate  16,  as  illustrated  by  arrows  and  broken 
lines  in  Figure  8,  whereupon  it  passes  through  commu- 
nicating  tubes  57  and  58  (illustrated  as  pipe  routes  in 
Figure  9)  provided  in  the  lower  heat  insulator  5  and  then 
through  the  above-mentioned  heat  compensating  plate 
50  and  then  is  pumped  through  a  return  pipe  59  and  a 
tank  60  back  to  the  cooler  52. 

To  the  above-mentioned  cooler  52  are  connected  a 
feed  pipe  61  equipped  with  a  flow-control  valve  63  for 
primary  cooling  water  and  a  return  pipe  62.  The  degree 
of  opening  of  this  flow-control  valve  63  is  adjusted  by 
the  temperature  indicator/regulator  65  according  to  the 

temperature  at  the  outlet  of  the  cooler  52  thereby  mak- 
ing  it  possible  to  maintain  this  temperature  at  a  certain 
level  (for  example  50°C). 

The  temperature  of  the  water  supplied  to  the  heat 
5  flow  meter  15  through  the  feed  pipe  55  is  measured  by 

a  thermocouple  66  while  the  flow  rate  is  regulated  by 
adjustment  of  the  flow-control  valve  53.  This  flow  rate  is 
adjusted  so  that  the  temperature  rise  when  the  water 
passes  through  the  heat  flow  meter  1  5  is  a  certain  value 

10  (for  example  5°C  or  so).  Once  it  is  adjusted,  the  flow 
rate  is  maintained  constant  by  the  flow-control  valve 
which  is  automatically  controlled  by  a  flow  meter  67  and 
a  flow-control  gauge  68. 

The  quantity  of  the  water  supplied  through  the  feed 
is  pipe  56  to  the  compensating  cooling  plate  1  6  is  control- 

led  by  the  above-mentioned  flow-control  valve  54  which 
is  adjusted  by  a  temperature  indicator/regulator  71  ac- 
cording  to  the  outlet  temperature  of  the  heat  flow  meter 
1  5  and  that  of  the  compensating  cooling  plate  1  6  meas- 

20  ured  by  thermocouples  69  and  70  so  that  the  said  outlet 
temperatures  may  be  equal  to  each  other  while  the 
quantity  of  flow  is  indicated  by  a  flow  meter  72. 

Besides,  as  illustrated  in  Figure  9,  the  lower  surface 
of  the  standard  heat  transfer  plate  30,  the  lower  heat- 

25  measuring  plate  31  and  the  upper  heat-measuring  plate 
32  are  equipped  with  thermocouples  73,  74  and  75  re- 
spectively  while  the  inside  and  the  outside  of  the  heat 
insulator  35  are  equipped  with  2  pairs  of  thermocouples 
adjacent  to  each  other,  i.e.  altogether  four  thermocou- 

30  pies  76,  respectively. 
To  measure  the  thermal  conductivity  of  the  speci- 

men  S  at  a  high  temperature  with  the  device  set  up  as 
described  above,  first  place  the  specimen  S  in  the  meas- 
uring  chamber  8,  seal  up  the  measuring  chamber  8  with 

35  the  upper  heat  insulator  6  and  at  the  same  time  close 
the  cover  4  of  the  furnace  1  ,  heat  the  measuring  cham- 
ber  8  with  the  main  heater  9  up  to  a  specified  preset 
temperature  and  maintain  the  inner  temperature  of  the 
specimen  S  at  the  temperature  at  which  the  thermal  con- 

40  ductivity  is  to  be  measured. 
Also,  start  the  circulating  pump  51  of  the  circulating 

system,  maintain  the  water  temperature  at  the  outlet  of 
the  cooler  52  constant,  for  example,  at  50°C  and  supply 
water  through  the  feed  pipes  55  and  56  to  the  heat  flow 

45  meter  15  and  the  compensating  cooling  plate  16  of 
specified  flow  rates  respectively.  In  the  adjustment  case, 
adjust  the  flow  rate  of  water  supplied  to  the  heat  flow 
meter  15,  as  described  above,  so  as  to  obtain  an  in- 
crease  in  the  water  temperature  by  5°C  or  so  (i.e.  so  as 

so  to  obtain  an  outlet  temperature  from  the  heat  flow  meter 
1  5  of  55°C  or  so).  At  the  same  time,  the  water  flow  rate 
to  the  compensating  cooling  plate  16  is  automatically 
adjusted  by  the  thermocouples  69  and  70,  the  temper- 
ature  indicator/regulator  71  and  the  flow-control  valve 

55  54  so  that  the  water  temperature  at  the  outlet  of  the  com- 
pensating  cooling  plate  1  6  is  equal  to  the  water  temper- 
ature  at  the  outlet  of  the  heat  flow  meter  15  (i.e.  55°C 
or  so).  Asa  result,  the  temperature  of  the  heat  flow  meter 
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1  5  and  that  of  the  compensating  cooling  plate  are  main- 
tained  at  the  same  level  while  water  with  a  temperature 
of  about  55°C  flows  into  the  heat  compensating  plate 
50  from  both  the  heat  flow  measuring  plate  1  5  and  com- 
pensating  cooling  plate  16  thereby  causing  this  heat 
compensating  plate  to  maintain  the  said  outlet  temper- 
ature. 

When  a  stationary  temperature  is  reached  in  the 
measuring  chamber  8,  the  specimen  S  and  the  water  as 
heat-measuring  fluid,  measure  the  temperature  on  the 
upper  (front)  surface  1  and  the  lower  (back)  surface  2 
of  the  specimen  S  with  the  thermocouples  75  and  74. 
Also,  accurately  measure  the  temperature  of  the  water 
flowing  through  the  heat  flow  meter  15  at  the  inlet  and 
the  outlet  with  the  thermocouples  66  and  69  as  well  as 
the  flow  rate  with  the  flow  meter  67  to  find  the  received 
heat  by  the  heat  flow  meter  15,  i.e.  the  transmitted  heat 
Q  through  the  specimen  S.  Also,  find  the  thermal  con- 
ductivity  La  at  the  set  temperature  of  the  specimen  S 
with  the  above-mentioned  equation  (1)  from  the  heat 
flow  Q,  the  upper  6  and  lower  6  2  surface  temperatures 
of  the  specimen  S  and  the  distance  z  from  the  surface 
thereof.  In  this  case  the  effective  area  A  of  the  specimen 
S  is  equal  to  the  area  of  the  heat  flow  meter  15. 

In  the  apparatus  for  measuring  thermal  conductivity 
of  the  second  preferred  embodiment  described  hitherto, 
water  is  used  as  a  circulating  fluid  and  for  this  reason 
measuring  gas  need  not  be  consumed  in  large  quanti- 
ties  nor  is  there  any  need  for  a  large  amount  of  heat  for 
preheating  the  measuring  gas  so  that  the  running  cost 
can  be  substantially  reduced. 

Besides,  since  in  the  above-mentioned  apparatus 
for  measuring  thermal  conductivity  a  fluid  with  the  same 
temperature  as  that  of  the  water  supplied  to  the  heat 
flowmeter  15  is  supplied  also  to  the  compensating  cool- 
ing  plate  1  6,  the  temperatures  of  both  of  the  said  plates 
are  maintained  at  a  level  equal  to  each  other  thereby 
making  it  possible  to  eliminate  the  flow  of  heat  between 
the  said  plates,  and  since  the  bodies  of  water  which 
have  passed  through  the  plates  flow  at  the  same  tem- 
perature  to  the  heat  compensating  plate  50,  the  temper- 
ature  of  the  lower  heat  insulator  5  is  maintained  at  a  level 
slightly  higher  than  that  of  the  said  plates  so  that  the  flow 
of  heat  between  the  heat  flow  meter  15  and  the  lower 
heat  insulator  5  becomes  small  enough  to  be  neglected. 
In  this  apparatus  for  measuring  thermal  conductivity, 
therefore,  it  is  possible  to  minimize  the  error  of  meas- 
urement  of  the  amount  of  heat  flow  measured  by  the 
heat  flow  meter  and  hence  to  further  improve  the  accu- 
racy  of  measurement  of  thermal  conductivity.  As  a  re- 
sult,  it  becomes  possible  to  omit  the  compensating  heat- 
er  10  which  was  necessary  in  the  device  illustrated  in 
Figure  1  and  hence  to  realize  the  simplification  and  min- 
iaturization  of  the  device. 

In  the  device  according  to  the  second  preferred  em- 
bodiment,  on  the  other  hand,  a  measurement  error  can 
be  considered  due  to  the  heat  radiation  to  the  outer  part 
from  the  heat  insulator  35  placed  around  the  specimen 

S.  we  can,  however,  easily  correct  the  measured  value 
and  thus  further  improve  the  accuracy  of  measurement 
by  measuring  the  inside  temperature  of  the  insulator  35 
with  the  thermocouples  76  and  calculating  the  amount 

5  of  heat  lost  from  the  heat  insulator  35. 
Also,  in  cases,  for  example,  when  the  above-men- 

tioned  compensating  plate  is  not  used,  the  thickness  of 
the  lower  heat  insulator  5  can  be  made  large  enough  to 
avoid  the  risk  of  a  measurement  error,  and  the  heatcom- 

10  pensating  plate  50  may  be  omitted.  If  in  this  case  the 
bodies  of  water  flowing  out  of  the  heat  flow  meter  1  5  and 
the  compensating  cooling  plate  16  are  made  to  meet 
through  a  duct  which  in  return  is  made  to  meander  in 
the  lower  heat  insulator  5,  then  one  can  get  an  equiva- 

15  lent  effect  as  in  the  case  in  which  the  heat  compensating 
plate  50  is  provided. 

In  the  device  according  to  the  above-mentioned 
case,  the  temperature  control  system  is  made  up  of  one 
unit  of  the  cooler  52  and  the  circulating  water  is  main- 

20  tained  at  a  constant  temperature  by  controlling  the 
quantity  of  the  primary  cooling  water  supplied  to  this 
cooler  52.  It  is  nevertheless  quite  possible  to  set  up  the 
temperature  control  system  in  other  ways,  for  example, 
as  illustrated  in  Figure  1  0.  The  temperature  control  sys- 

25  tern  80  illustrated  in  Figure  10,  which  is  made  up  of  a 
cooler  81  identical  with  the  cooler  52  referred  to  in  the 
above  case  and  a  heating  device  83  equipped  with  a 
heater  82,  should  be  operated  in  such  a  way  that  the 
water  returning  with  an  elevated  temperature  (about 

30  55°C  in  the  example  of  use  according  to  the  above-men- 
tioned  case)  is  excessively  cooled  to  45°C  or  so  and 
then  heated  up  to  the  specified  temperature  (50°C)  by 
the  heating  device  83.  In  this  case  it  is  not  necessary  to 
exactly  control  the  water  temperature  at  the  outlet  of  the 

35  cooler  81  (hence  the  flow-control  valve  referred  to  in  the 
above-mentioned  case  may  be  omitted),  but  it  suffices 
to  control  the  water  temperature  at  the  outlet  of  the  heat- 
er  83  only  by  controlling  the  output  of  the  heater  82.  Set- 
ting  up  the  temperature  control  system  80  in  this  way 

40  makes  it  possible  to  control  the  circulating  water  tem- 
perature  more  exactly  and  more  easily. 

In  addition,  for  heat-measuring  fluid  not  only  just 
water  but  also  oils  or  gases  may  be  used.  In  case  a  cer- 
tain  gas  is  used  for  heat-measuring  fluid,  then,  it  suffices 

45  to  use,  for  example,  a  blower  in  place  of  the  circulating 
pump  and  to  use  flow-control  valves  and  flow  meters  for 
gases. 

Moreover,  although  in  the  above-mentioned  case 
the  device  is  realized  as  an  upright  type,  it  is  also  quite 

so  possible  to  realize  the  device  as  a  horizontal  type  which 
is  set  up  in  such  a  way  that  the  specimen  S  is  placed  in 
a  vertical  position  in  the  measuring  chamber. 

Now,  the  following  explains  the  third  preferred  em- 
bodiment  by  reference  to  Figures  11  to  16. 

55  The  device  according  to  the  third  preferred  embod- 
iment  differs  from  the  one  according  to  the  second  pre- 
ferred  embodiment  in  that  the  standard  heat  transfer 
plate  30  is  omitted  and  the  specimen  S  is  placed  in  its 
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position,  that  found  the  specimen  S  is  provided  a  enclo- 
sure  100  in  place  of  the  heat  insulator  35  and  that  the 
enclosure  1  00  and  the  upper  side  of  the  specimen  S  are 
covered  with  a  heat  transfer  plate  1  01  . 

The  enclosure  100,  which  is  of  a  cylindrical  shape, 
is  arranged  in  such  a  way  that  its  lower  side  makes  good 
contact  with  the  upper  side  of  the  compensating  cooling 
plate  16  while  its  outside  makes  good  contact  with  the 
inside  of  the  lateral  heat  insulator  7.  This  enclosure  1  00, 
as  shown  in  Figure  12  consists  of  thin  layers  of  heat  in- 
sulator  100a  made  of,  for  example,  formed  sheets  of 
carbon  fiber  densely  wound  into  a  spiral  of  a  multi-layer 
structure.  Due  to  the  particular  form  obtained  by  winding 
the  thin  layer  of  heat  insulator  1  00a  as  described  above, 
this  enclosure  1  00  has  a  thermal  conductivity  in  the  axial 
direction  (direction  of  thickness)  substantially  (for  exam- 
ple  about  10  times)  larger  than  that  in  the  radial  direc- 
tion.  This  means  that  the  enclosure  100  transfers  heat 
easily  in  the  axial  direction  but  with  difficulty  in  the  radial 
direction.  Also,  the  thermal  conductivity  of  the  enclosure 
100  in  the  axial  direction  is  substantially  (for  example 
about  5  times)  larger  than  that  of  the  above-mentioned 
lateral  heat  insulator  7.  It  is  desirable  to  make  the  said 
conductivity  in  the  axial  direction  substantially  larger 
even  than  the  expected  thermal  conductivity  of  the  spec- 
imen  S. 

Inside  this  enclosure  100  is  arranged  a  lower  heat- 
measuring  plate  102  with  its  lower  surface  making  good 
contact  with  the  upper  surface  of  the  heat  flow  meter  1  5 
and  with  the  compensating  cooling  plate  16  while  on  its 
upper  side  is  placed  the  specimen  S  whose  thermal  con- 
ductivity  is  to  be  measured  and  on  the  upper  surface  of 
which  is  arranged  the  above-mentioned  heat  transfer 
plate  1  01  .  This  heat  transfer  plate  101  covers  the  upper 
surface  of  the  specimen  S  and  that  of  the  enclosure  1  00 
to  maintain  the  upper  surface  temperature  of  the  spec- 
imen  S  at  the  same  level  as  that  of  the  enclosure  100. 
Also,  thermocouples  (not  shown)  for  the  measurement 
of  the  upper  and  lower  temperatures  of  the  specimen  S 
respectively  are  inserted  in  the  above-mentioned  lower 
heat  measuring  plate  102  and  the  heat  transfer  plate 
101. 

The  heat  transfer  plate  101,  which  is  illustrated  in 
Figure  1  1  as  one  sheet,  may  as  well  be  divided  into  two 
sections,  if  necessary,  one  covering  the  upper  surface 
of  the  specimen  S  and  the  other  one  covering  that  of  the 
enclosure  100. 

In  the  above-mentioned  apparatus  for  measuring 
thermal  conductivity  according  to  the  third  preferred  em- 
bodiment  the  enclosure  100  is  arranged  inside  the 
measuring  chamber  8  while  the  specimen  S  is  placed 
inside  the  said  enclosure  1  00  whose  thermal  conductiv- 
ity  is  substantially  larger  (i.e.  which  conducts  heat  more 
easily)  in  the  axial  direction  than  in  the  radial  direction 
so  that  in  this  enclosure  100,  the  heat  flow,  as  illustrated 
by  arrows  in  Figure  14  (a),  mainly  takes  place  in  the  axial 
direction,  i.e.  downward  while  the  flow  in  the  radial  di- 
rection,  i.e.  side  way  flow,  is  restricted.  Since  a  heat  in- 

sulator  7  is  provided  outside  the  enclosure,  the  flow  of 
heat  from  the  enclosure  100  to  the  heat  insulator  7  is 
restricted  by  this  also  suppressing  the  heat  flow  in  the 
axial  direction. 

5  Also,  since  the  upper  surface  of  the  specimen  Sand 
of  the  enclosure  100  is  covered  with  the  heat  transfer 
plate  101,  both  their  temperatures  are  maintained  at  an 
equal  level.  Moreover,  since  the  lower  surface  of  the  en- 
closure  100  is  covered  with  the  compensating  cooling 

10  plate  1  6  to  maintain  its  lower  surface  temperature  at  the 
same  value  as  that  of  the  specimen  S,  the  inside  tem- 
peratures  of  the  specimen  S  and  of  the  enclosure  100 
are  maintained  at  almost  the  same  value  in  the  same 
horizontal  section  whereby  the  flow  of  heat  between 

is  them  can  be  effectively  prevented.  A  further  explanation 
about  this  fact  will  be  given  in  the  following  by  reference 
to  Figure  14.  Let  the  temperature  at  the  point  A  on  the 
upper  surface  and  the  point  B  on  the  blower  surface  both 
of  the  specimen  S  be  T-,  and  T2  respectively,  then  the 

20  inside  temperature  of  the  specimen  S  will  be  character- 
ized  by  a  temperature  curve  X  as  indicated  by  a  solid 
line  in  Figure  14  (b).  The  inside  temperature  curve  in 
such  a  case  is  generally  extremely  similar  even  among 
materials  of  basically  different  thermal  conductivity  val- 

25  ues.  Consequently,  in  the  case  when  the  temperature 
at  point  C  on  the  upper  surface  of  the  enclosure  100  is 
T-,,  i.e.  the  same  as  at  the  point  A  and  the  temperature 
at  point  D  on  the  lower  surface  of  the  enclosure  in  the 
same  horizontal  section  as  the  lower  surface  of  the 

30  specimen  S  is  T2,  i.e.  the  same  as  at  point  B,  then  the 
inside  temperature  of  the  enclosure  100  will  assume  a 
characteristics  as  indicated  by  the  temperature  curve  Y 
drawn  with  a  dotted  line  in  Figure  1  4  (b).  These  temper- 
ature  curves  X  and  Y  turn  out  to  be  almost  identical  with 

35  each  others,  i.e.  both  inside  temperatures  are  almost 
identical  with  other  at  any  point  in  the  same  horizontal 
section.  This  fact  becomes  even  more  obvious  when  the 
thermal  conductivity  of  the  enclosure  100  is  larger  than 
the  expected  thermal  conductivity  of  the  specimen  S. 

40  Consequently  it  is  desirable  to  set  the  thermal  conduc- 
tivity  of  the  enclosure  100  in  the  axial  direction  corre- 
spondingly  larger. 

To  prevent  the  occurrence  of  an  error  due  to  a  dif- 
ference  in  the  relative  temperature  rise  curve  of  thermal 

45  conductivity,  it  is  desirable  to  prepare  several  enclo- 
sures  100,  each  made  of  a  material  differing  in  proper- 
ties  from  the  others,  and  choose  the  one  similar  in  prop- 
erties  to  the  specimen  S  for  use. 

It  can  be  seen  from  the  above  that  the  temperatures 
so  of  the  specimen  S,  the  enclosure  100  and  the  heat  in- 

sulator  7  present  the  states  of  distribution  as  shown  by 
the  isoheats  R-,  through  R6  in  Figure  13  which  indicates 
that  the  inside  temperature  of  the  lateral  heat  insulator 
7  is  greatly  reduced  in  the  outward  direction  while  there 

55  is  no  temperature  difference  developed  in  the  same  hor- 
izontal  section  of  the  specimen  S  and  the  heat  flow  com- 
pensating  cylinder  1  00.  Consequently  almost  no  flow  of 
heat  at  all  takes  place  between  specimen  S  and  the  en- 
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closure  100  and  the  heat  inside  the  specimen  S  flows 
exclusively  in  the  direction  of  thickness  and  not  side- 
ward.  As  a  result,  in  this  apparatus  for  measuring  ther- 
mal  conductivity,  it  is  possible  to  substantially  improve 
the  accuracy  of  measurement  of  the  amount  of  heat  flow 
Q  through  the  heat  flow  meter  15  and  hence  the  accu- 
racy  of  measurement  of  thermal  conductivity. 

As  illustrated  in  Figure  1  5,  one  may  as  well  arrange 
another  heat  insulator  103  of  a  cylindrical  form  inside 
the  enclosure  100.  In  this  case,  this  heat  insulator  103 
may  be  of  a  normal  type  or  be  set  up  in  the  same  way 
as  the  above-mentioned  heat-flow-compensating  cylin- 
der  100.  As  can  be  seen  from  this,  by  additionally  pro- 
viding  the  heat  insulator  103  inside  the  enclosure  100 
we  can  reduce  further  the  influence  of  an  eventual  non- 
negligible  difference  in  the  temperature  curves  X  and  Y 
shown  in  Figure  14  (b). 

Although  in  the  foregoing  an  example  was  given  in 
which  the  enclosure  100  is  set  up  as  a  spiral  made  by 
winding  thin  strips  of  the  heat  insulator  100a  with  while 
a  formed  sheet  of  carbon  fiber  employed  as  the  heat 
insulator  100a,  the  configuration  of  the  enclosure  is  not 
limited  to  the  type  mentioned  above  only  but  one  may 
as  well  employ  the  enclosure  1  00  made  by  winding  two 
thin  strips  of  sheets  of  different  materials  one  laid  on  top 
of  the  other. 

If  in  this  case  we  employ  the  laminar  heat  insulator 
1  00a  such  as,  for  example,  alumina  silica  paper  as  one 
of  the  two  laminas  and  a  highly  heat-conductive  material 
such  as,  for  example,  a  metal  plate  100b  as  the  other 
lamina,  then  we  can  not  only  secure  a  good  thermal  con- 
ductivity  in  the  direction  of  thickness  owing  to  the  metal 
plate  1  00b  but  also  obtain  the  possibility  of  enlarging  the 
thickness-to-diameter  thermal  conductivity  ratio  due  to 
the  heat  insulator  100a  which  suppresses  the  thermal 
conductivity  in  the  radial  direction.  Besides,  a  combina- 
tion  between  graphite  heat  insulator  and  graphite  foil 
multi-layer  winding  proves  to  be  effective  for  use  at  high 
temperatures.  Or  one  may  as  well  form  the  enclosure 
using  a  material  with  a  property  such  that  its  thermal 
conductivity  varies  according  to  the  direction  rather  than 
using  the  winding  of  lamina  as  described  above. 

Now,  the  following  explains  about  the  fourth  pre- 
ferred  embodiment  by  reference  to  Figure  17. 

The  device  according  to  the  fourth  preferred  em- 
bodiment  consists  of  the  second  furnace  whose  inside 
is  divided  by  a  lamina  120  into  the  measuring  chamber 
8  in  which  the  specimen  S  is  placed  and  a  vacuum 
chamber  121  in  which  a  vacuum  can  be  formed. 

The  lamina  1  20  which  is  of  a  disc  shape  is  installed 
with  its  periphery  inserted  between  annular  flanges  122 
and  1  23  fixed  to  the  inner  surface  of  the  housing  1  while 
between  the  flange  122  and  the  lamina  120  is  provided 
a  seal  1  24  for  maintaining  a  vacuum  formed  in  the  vac- 
uum  chamber  121.  This  lamina  1  20  which  is  made  of  a 
metal  plate  with  an  excellent  thermal  conductivity  (for 
example  stainless  steel  plate)  and  whose  thickness  is 
adequately  thin  (for  example  about  0.3  mm)  must  have 

an  adequate  strength  to  resist  the  pressure  difference 
between  the  vacuum  chamber  121  and  the  measuring 
chamber  8. 

On  the  lower  inside  of  the  measuring  chamber  8  in- 
5  stalled  on  the  upper  part  of  the  lamina  120  is  arranged 

a  heat  insulator  35  of  a  cylindrical  form  inside  which  is 
arranged  the  standard  heat  transfer  plate  30  in  firm  con- 
tact  with  the  upper  surface  of  the  lamina  120.  On  the 
upper  surface  of  the  standard  heat  transfer  plate  30  is 

10  arranged  a  lower  heat-measuring  plate  31  on  which  is 
arranged  the  specimen  S  whose  thermal  conductivity  is 
to  be  measured  and  on  top  of  which  is  arranged  an  up- 
per  heat-measuring  plate  32. 

Inside  the  vacuum  chamber  121  installed  on  the 
is  lower  side  of  the  lamina  1  20  is  arranged  the  disc  shaped 

heat-measuring  plate  29  which  is  attached  fast  to  the 
lower  side  of  the  lamina  120  and  at  the  center  of  the 
lower  side  of  which  is  arranged  the  heat  flow  meter  15 
around  which  is  located  the  compensating  cooling  plate 

20  16  which  is  supported  by  a  column  125  resting  on  the 
bottom  of  the  furnace  1  while  the  above-mentioned 
heat-measuring  plate  15  is  supported  by  a  fixture  126 
fixed  to  the  compensating  cooling  plate  16.  On  the  lower 
surface  of  this  compensating  cooling  plate  is  installed  a 

25  reflective  board  1  27  which  covers  the  lower  side  of  the 
heat  flow  meter  15.  The  reflective  board  127  is  made  of 
a  metal  with  an  excellent  thermal  conductivity  with  its 
upper  surface  (surface  facing  the  heat  flow  meter  15) 
finished  with  a  mirror  surface  grade  of  metallic  luster 

30  with  an  extremely  small  radiation  coefficient. 
In  this  device  according  to  the  fourth  preferred  em- 

bodiment,  the  heat  radiation  can  be  reduced  to  an  al- 
most  negligible  degree  when  conducting  measure- 
ments  with  the  vacuum  chamber  121  kept  under  vacu- 

us  urn  so  that  an  adequate  accuracy  of  measurement  can 
be  obtained. 

In  other  words,  since  in  this  device  the  heat  flow  me- 
ter  15  is  arranged  in  the  vacuum  chamber  121  the  heat 
lost  from  this  heat  flow  meter  15  to  the  environment  oc- 

40  curs  almost  exclusively  through  radiation  without  a  large 
loss  of  heat  occurring  as  has  been  the  case  until  now 
by  heat  transfer  and  convection.  Furthermore,  the  re- 
flective  board  itself  which  is  arranged  on  the  lower  side 
of  the  heat  flow  meter  15  is  also  intended  to  reduce  ra- 

45  diation  heat  loss  from  the  compensating  cooling  plate 
16  so  that  the  compensating  cooling  plate  16  assumes 
a  temperature  also  equivalent  to  that  of  the  heat  flow 
meter  15. 

A  possible  heat  loss  other  than  the  one  by  radiation 
so  is  the  heat  transfer  from  the  heat  heat  flow  meter  1  5  to 

the  compensating  cooling  plate  16  through  the  fixture 
126  supporting  the  heat  flow  meter  15.  The  heat  flow 
through  the  fixture  1  26,  however,  can  be  almost  neglect- 
ed  since  almost  the  same  temperature  is  maintained  be- 

55  tween  the  heat  flow  meter  15  and  the  compensating 
cooling  plate  16. 

As  for  the  lamina  120  itself,  on  the  other  hand,  it 
may  be  thought  that  the  heat  transfer  takes  place  from 
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the  compensating  cooling  plate  16  to  the  environment 
thereby  causing  a  temperature  difference  between  the 
compensating  cooling  plate  16  and  the  heat  flow  meter 
15.  The  transmitted  heat,  however,  can  be  almost  ne- 
glected  since  the  thickness  of  the  lamina  120  is  suffi-  s 
ciently  small.  More  specifically,  the  heat  transmitted 
from  the  compensating  cooling  plate  16  to  the  environ- 
ment  through  the  lamina  1  20  is  proportional  to  the  area 
of  heat  transfer  A-,  obtained  as  a  product  of  the  length 
of  the  periphery  of  the  compensating  cooling  plate  16  10 
multiplied  by  the  thickness  of  lamina  120.  This  area  of 
heat  transfer  A1  may,  if  we  let  the  outer  dimension  of  the 
compensating  cooling  plate  16  be  D  and  the  thickness 
of  the  lamina  120  be  z,  be  expressed  as  follows: 

A1  =  djiD  is 
In  the  meantime  the  heat  transfer  area  A2  between 

the  lamina  120  on  the  one  hand  and  the  compensating 
cooling  plate  16  and  the  heat  flow  meter  15  can  be  ex- 
pressed  as  follows: 

2  20 
A2  =  (ti/4)D 

Therefore,  the  ratio  the  two  areas  will  be: 
a  =  A2/A1  =  D/4d 

This  value  a  becomes  considerably  large  when  the 
value  z  is  substantially  smaller  than  the  value  D.  For  ex-  25 

ample,  when  D  =  50  cm,  z  =  0.03  cm  (0.3  mm),  then  a 
is  equal  to  about  417.  This  means  that  the  transmitted 
heat  to  the  outer  periphery  through  the  lamina  1  20  is  of 
the  order  of  1/100  of  that  in  the  direction  of  thickness 

30 and  as  such  may  be  said  to  be  nearly  negligible.  In  the 
meantime,  if  we  always  keep  the  temperature  of  the 
compensating  cooling  plate  1  6  at  the  same  level  as  that 
of  the  heat  flow  meter  1  5  by  controlling  the  temperature 
or  quantity  of  flow  of  the  heat-measuring  fluid  supplied 
to  the  compensating  cooling  plate  1  6,  then  we  can  elim-  35 
inate  the  influence  of  the  above-mentioned  transmitted 
heat  on  the  accuracy  of  measurement  even  if  this 
amount  of  heat  is  not  negligible. 

Meanwhile,  in  this  apparatus  for  measuring  thermal 
40 conductivity  the  vacuum  chamber  121  which  is  evacu- 

ated  gives  rise  to  the  development  of  a  pressure  differ- 
ence  between  the  measuring  chamber  8  and  the  vacu- 
um  chamber  121  which  is  then  exerted  on  the  lamina 
120.  The  lamina  120  itself  which  has  an  adequate 

45 strength,  however,  is  fixed  by  means  of  the  flanges  122 
and  1  23  at  its  periphery  and  is  supported  by  the  column 
125  through  the  compensating  cooling  plate  16. 

Meanwhile,  due  to  the  pressure  difference  between 
the  upper  and  lower  sides  of  the  lamina  1  20,  the  lamina 
1  20  is  pressed  fast  against  the  heat-measuring  plate  29  50 
while  the  upper  heat-measuring  plate  32,  the  specimen 
S  and  the  lower  heat-measuring  plate  31  and  the  stand- 
ard  heat  transfer  plate  30  are  all  pressed  fast  against 
the  lamina  120,  too,  so  that  the  development  of  a  gap 
between  them  is  naturally  avoided  and  hence  the  heat  55 
transfer  between  them  is  maintained  in  a  favorable  con- 
dition.  In  this  respect,  too,  the  accuracy  of  measurement 

can  be  improved. 
It  should  also  be  noted  that  the  standard  heat  trans- 

fer  plate  installed  on  the  upper  side  of  the  lamina  120 
may,  if  there  is  no  particular  need  for  it,  be  omitted,  there- 
by  causing  the  lower  heat-measuring  plate  31  to  stick 
fast  to  the  upper  side  of  the  lamina  120. 

Also,  although  in  the  above-mentioned  case  an  ex- 
ample  is  given  in  which  a  metal  plate  such  as,  for  exam- 
ple,  stainless  steel  is  used  for  the  lamina  1  20,  any  other 
material  may  as  well  be  used  as  long  as  such  material 
can  be  machined  to  an  adequate  thinness  and  has  a 
good  thermal  conductivity. 

Claims 

1  .  An  apparatus  for  measuring  thermal  conductivity  of 
a  specimen  (S),  wherein  the  specimen  has  a  first 
and  a  second  surface  and  a  periphery,  said  appa- 
ratus  comprising: 

(a)  a  measuring  chamber  (8)  defining  an  inner 
space  for  maintaining  the  specimen  therein; 
(b)  a  heat  source  (9)  for  uniformly  heating  the 
first  surface  of  the  specimen; 
(c)  a  first  thermometer  (34)  for  measuring  the 
temperature  of  the  first  surface  of  the  speci- 
men;  and 
(d)  a  second  thermometer  (33)  for  measuring 
the  temperature  of  the  second  surface  of  the 
specimen; 
said  apparatus  being  characterised  in  that  the 
inner  space  is  adiabatically  enclosed; 
said  heat  source  (9)  extends  across  substan- 
tially  the  entire  cross-section  of  the  measuring 
chamber  so  as  to  direct  heat  uniformly  into  the 
inner  space;  and 
a  heat  flow  measuring  means  (15,  30  to  31) 
extending  across  the  cross-section  of  the  adi- 
abatic  chamber  to  contact  an  inner  surface 
thereof  is  disposed  for  contacting  the  second 
surface  of  the  specimen  over  the  cross-section 
of  the  chamber  for  maintaining  the  temperature 
of  the  second  surface  of  the  specimen  at  a  pre- 
determined  temperature  and  for  measuring  the 
thermal  energy  flowing  through  the  second  sur- 
face; 
wherein  the  measuring  chamber  (8)  can  main- 
tain  the  specimen  so  that  the  peripheral  surface 
of  the  specimen  can  contact  the  inner  surface 
of  the  adiabatic  chamber  as  well  as  the  heat 
flow  measuring  means  over  the  cross-section 
of  the  chamber,  whereby  the  heat  source  can 
uniformly  heat  the  first  surface  of  the  specimen 
uniformly  over  the  cross-section  of  the  cham- 
ber,  thereby  creating  a  substantially  unidirec- 
tional  heat  flow  through  the  specimen  from  the 
first  surface  of  the  specimen,  through  the  spec- 
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imen,  and  then  through  the  second  surface  of 
the  specimen. 

2.  An  apparatus  for  measuring  thermal  conductivity 
according  to  claim  1  wherein  the  measuring  cham- 
ber  (8)  has  an  outer  layer  (6,7)  with  a  small  thermal 
conductivity  and  an  inner  layer  (14)  with  a  large 
thermal  conductivity  disposed  inside  the  outer  layer, 
and  the  specimen  (S)  is  kept  in  position  with  is 
periphery  in  contact  with  the  inner  layer  to  allow  the 
heat  from  the  heat  source  to  be  supplied  to  the 
periphery  of  the  specimen  through  the  inner  layer, 
thereby  minimizing  the  temperature  difference 
between  central  and  outer  portions  of  the  specimen. 

3.  An  apparatus  for  measuring  thermal  conductivity 
according  to  claim  1  wherein  the  heat-flow-measur- 
ing  device  (15,30-32)  comprises 

(a)  a  first  measuring  unit  (15)  installed  in  con- 
tact  with  the  second  surface  of  the  specimen 
(S)  to  maintain  the  temperature  of  the  second 
surface  at  a  predetermined  temperature  and  to 
measure  the  heat  flow  through  the  specimen; 
and 
(b)  a  second  measuring  unit  (16)  installed  in 
contact  with  a  periphery  of  the  first  measuring 
unit  to  maintain  the  temperature  of  the  periph- 
ery  at  the  predetermined  temperature  and  to 
measure  the  heat  flow  through  the  periphery, 
whereby  suppressing  the  heat  loss  through  the 
periphery  of  the  first  measuring  unit. 

4.  An  apparatus  for  measuring  thermal  conductivity 
according  to  claim  1  wherein  the  heat-flow-measur- 
ing  device  comprises: 

(a)  heat-flow-measuring  means  (15)  having  a 
flow  path  (17)  therein; 
(b)  fluid-supplying  means  (20,21)  to  supply  a 
fluid  with  a  specified  temperature  to  the  flow 
path  and  to  recuperate  the  fluid  from  the  flow 
path;  and 
(c)  a  temperature-difference-measuring  means 
to  measure  the  temperature  difference 
between  the  supplied  and  recuperated  fluids, 
whereby  measuring  the  heat  flow  through  the 
specimen  from  the  temperature  difference  of 
the  fluid. 

5.  An  apparatus  for  measuring  thermal  conductivity 
according  to  claim  4  wherein  the  heat-flow-measur- 
ing  means  comprises  a  fluid  inlet  (18)  and  a  fluid 
outlet  (19)  formed  at  an  outer  peripheral  portion 
thereof  and  the  flow  path  (17)  is  formed  spirally  from 
the  fluid  inlet  to  a  central  portion  of  the  heat  flow 
meter  and  from  the  central  portion  to  the  fluid  outlet, 
whereby  average  temperature  of  the  fluid  adjacent 

to  each  other  being  approximately  equal  and  the 
temperature  being  averaged  over  the  second  sur- 
face  of  the  specimen. 

5  6.  An  apparatus  for  measuring  thermal  conductivity 
according  to  claim  3  wherein  the  first  measuring  unit 
of  the  heat-measuring  device  comprises; 

(a)  a  heat-flow-measuring  means  (15)  having  a 
10  flow  path  (17); 

(b)  first  fluid-supplying  means  to  supply  a  first 
fluid  of  a  specified  temperature  to  the  flow  path 
and  to  recuperate  the  fluid  from  the  flow  path; 
and 

is  (c)  first  temperature-difference-measuring 
means  to  measure  the  temperature  difference 
between  the  supplied  first  fluid  and  the  recuper- 
ated  first  fluid; 
the  second  unit  (16)  comprises; 

20  (d)  a  heat-flow-measuring  ring  having  a  flow 
path  (22)  therein; 
(e)  a  second  fluid-supplying  device  to  supply  a 
second  fluid  of  a  specified  temperature  to  the 
flow  path  and  to  recuperate  the  second  fluid 

25  from  the  path;  and 
(f)  second  temperature-difference-measuring 
means  to  measure  the  temperature  difference 
between  the  supplied  second  fluid  and  the 
recuperated  second  fluid,  whereby  the  heat 

30  flowthrough  the  specimen  is  measured  accord- 
ing  to  the  temperature  difference  of  the  first  and 
the  second  fluid. 

7.  An  apparatus  for  measuring  thermal  conductivity 
35  according  to  claim  1  wherein  the  chamber  (8)  is 

adapted  to  keep  the  second  space  at  a  vacuum 
state  so  as  to  suppress  the  heat  loss  due  to  con- 
vection  from  the  heat-flow-measuring  device  to  the 
second  space. 

40 
8.  An  apparatus  for  measuring  thermal  conductivity 

according  claim  1  ,  said  apparatus  further  character- 
ised  in  that  : 

45  (a)  a  reference  plate  (30)  with  a  known  thermal 
conductivity  is  provided  so  that  a  first  surface 
of  the  reference  plate  is  in  contact  with  the  sec- 
ond  surface  of  the  specimen; 
(b)  the  heat-flow-measuring  means  (15,30)  is 

so  disposed  in  contact  with  the  second  surface  of 
the  reference  plate  (31  )  for  maintaining  the  tem- 
perature  of  the  second  surface  of  the  reference 
plate  at  a  predetermined  temperature  and  for 
measuring  the  thermal  energy  flowing  through 

55  the  second  surface;  and 
(c)  the  second  thermometer  is  disposed  for 
measuring  the  temperature  of  the  second  sur- 
face  of  the  reference  plate. 
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9.  An  apparatus  for  measuring  thermal  conductivity 
according  to  claim  8  wherein  the  reference  elon- 
gated  laminar  heat  transfer  element  wound  spirally 
from  a  central  portion  of  the  reference  plate  to  a 
peripheral  portion  thereof  forming  a  gap  between 
adjacent  portions  of  the  element,  whereby  the  ther- 
mal  conductivity  of  the  reference  plate  is  smaller  in 
radial  direction  than  in  the  direction  of  thickness. 

10.  An  apparatus  for  measuring  thermal  conductivity 
according  to  claim  8  wherein  the  reference  plate 
comprises  an  elongated  laminar  heat  transfer  ele- 
ment  wound  coaxially  forming  a  gap  between  adja- 
cent  portions  of  the  element,  whereby  the  thermal 
conductivity  of  the  reference  plate  is  smaller  in 
radial  direction  than  in  the  direction  of  thickness. 

Patentanspriiche 

1.  Vorrichtung  fur  das  Messen  der  Warmeleitfahigkeit 
eines  Prufkorpers  (S),  bei  der  der  Prufkorper  eine 
erste  und  eine  zweite  Oberflache  und  einen  Umfang 
besitzt,  wobei  die  Vorrichtung  aufweist: 

(a)  eine  MeBkammer  (8),  die  einen  Innenraum 
fur  das  Halten  des  Prufkorpers  in  dieser 
abgrenzt; 
(b)  eine  Warmequelle  (9)  fur  das  gleichmaBige 
Erwarmen  der  ersten  Oberflache  des  Prufkor- 
pers; 
(c)  ein  erstes  Thermometer  (34)  fur  das  Mes- 
sen  der  Temperatur  der  ersten  Oberflache  des 
Prufkorpers;  und 
(d)  ein  zweites  Thermometer  (33)  fur  das  Mes- 
sen  der  Temperatur  der  zweiten  Oberflache 
des  Prufkorpers; 
und  wobei  die  Vorrichtung  dadurch  gekenn- 
zeichnet  ist,  dal3  der  Innenraum  adiabatisch 
geschlossen  ist; 
die  Warmequelle  (9)  sich  im  wesentlichen  iiber 
den  gesamten  Querschnitt  der  MeBkammer  so 
erstreckt,  dal3  die  Warme  gleichmaBig  in  den 
Innenraum  gelenkt  wird;  und 
eine  MeBvorrichtung  fur  den  Warmestrom  (15, 
30  bis  31),  die  sich  iiber  den  Querschnitt  der 
adiabatischen  Kammer  erstreckt,  urn  eine 
Innenflache  dieser  zu  beruhren,  fur  das  Beriih- 
ren  der  zweiten  Oberflache  des  Prufkorpers 
iiber  dem  Querschnitt  der  Kammer  angeordnet 
ist,  urn  die  Temperatur  der  zweiten  Oberflache 
des  Prufkorpers  auf  einer  vorgegebenen  Tem- 
peratur  zu  halten,  und  urn  die  Warmeenergie 
zu  messen,  die  durch  die  zweite  Oberflache 
stromt; 
worin  die  MeBkammer  (8)  den  Prufkorper  so 
halten  kann,  dal3  die  periphere  Oberflache  des 
Prufkorpers  die  Innenflache  der  adiabatischen 

Kammer  ebenso  wie  die  MeBvorrichtung  fur 
den  Warmestrom  iiber  dem  Querschnitt  der 
Kammer  beruhren  kann,  wodurch  die  Warme- 
quelle  gleichmaBig  die  erste  Oberflache  des 

5  Prufkorpers  gleichmaBig  iiber  dem  Querschnitt 
der  Kammer  erwarmen  kann,  wodurch  ein  im 
wesentlichen  einseitig  gerichteter  Warmestrom 
durch  den  Prufkorper  von  der  ersten  Oberfla- 
che  des  Prufkorpers,  durch  den  Prufkorper  hin- 

10  durch  und  danach  durch  die  zweite  Oberflache 
des  Prufkorpers  erzeugt  wird. 

2.  Vorrichtung  fur  das  Messen  der  Warmeleitfahigkeit 
nach  Anspruch  1  ,  bei  der  die  MeBkammer  (8)  eine 

is  AuBenschicht  (6,  7)  mit  einer  geringen  Warmeleit- 
fahigkeit  und  eine  Innenschicht  (14)  mit  einer  star- 
ken  Warmeleitfahigkeit,  die  innerhalb  der  AuBen- 
schicht  angeordnet  ist,  aufweist,  und  bei  der  der 
Prufkorper  (S)  in  einer  Position  gehalten  wird,  in  der 

20  sein  Umfang  mit  der  Innenschicht  in  Beriihrung  ist, 
urn  zu  gestatten,  dal3  die  Warme  von  der  Warme- 
quelle  dem  Umfang  des  Prufkorpers  durch  die 
Innenschicht  zugefiihrt  wird,  wodurch  die  Tempera- 
turdifferenz  zwischen  den  mittleren  und  den  aul3e- 

25  ren  Abschnitten  des  Prufkorpers  minimiert  wird. 

3.  Vorrichtung  fur  das  Messen  der  Warmeleitfahigkeit 
nach  Anspruch  1,  bei  der  die  MeBvorrichtung  fur 
den  Warmestrom  (15,  30-32)  aufweist: 

30 
(a)  eine  erste  MeBeinrichtung  (15),  die  in 
Beriihrung  mit  der  zweiten  Oberflache  des 
Prufkorpers  (S)  installiert  ist,  urn  die  Tempera- 
tur  der  zweiten  Oberflache  auf  einer  vorgege- 

35  benen  Temperatur  zu  halten,  und  urn  den  War- 
mestrom  durch  den  Prufkorper  zu  messen;  und 
(b)  eine  zweite  MeBeinrichtung  (16),  die  in 
Beriihrung  mit  dem  Umfang  der  ersten  MeBein- 
richtung  installiert  ist,  urn  die  Temperatur  des 

40  Umfangs  auf  der  vorgegebenen  Temperatur  zu 
halten,  und  urn  den  Warmestrom  durch  den 
Umfang  zu  messen,  wodurch  der  Warmever- 
lust  durch  den  Umfang  der  ersten  MeBeinrich- 
tung  begrenzt  wird. 

45 
4.  Vorrichtung  fur  das  Messen  der  Warmeleitfahigkeit 

nach  Anspruch  1,  bei  der  die  MeBvorrichtung  fur 
den  Warmestrom  aufweist: 

so  (a)  eine  MeBvorrichtung  (15)  fur  den  Warme- 
strom,  die  darin  einen  Stromungsweg  (17)  auf- 
weist; 
(b)  eine  Einrichtung  (20,  21  )  fur  die  Zufiihrung 
des  flieBenden  Mediums,  urn  dem  Stromungs- 

55  weg  ein  flieBendes  Medium  mit  einer  vorge- 
schriebenen  Temperatur  zuzufiihren,  und  urn 
das  flieBende  Medium  aus  dem  Stromungsweg 
zuriickzugewinnen;  und 
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(c)  eine  MeBvorrichtung  fur  die  Temperaturdif- 
ferenz,  um  die  Temperaturdifferenz  zwischen 
dem  zugefuhrten  und  dem  zuruckgewonnenen 
flieBenden  Medium  zu  messen,  wodurch  der 
Warmestrom  durch  den  Prufkorper  hindurch  s  7. 
aus  der  Temperaturdifferenz  des  flieBenden 
Mediums  gemessen  wird. 

Vorrichtung  fur  das  Messen  der  Warmeleitfahigkeit 
nach  Anspruch  4,  bei  der  die  MeBvorrichtung  fur  10 
den  Warmestrom  aufweist:  einen  Eintritt  (18)  fur 
das  flieBende  Medium  und  einen  Austritt  (19)  fur 
das  flieBende  Medium,  die  am  auBeren  peripheren  8. 
Abschnitt  dieser  gebildet  werden,  und  wobei  der 
Stromungsweg  (17)  spiralformig  vom  Eintritt  fur  das  15 
flieBende  Medium  zu  einem  mittleren  Abschnitt  des 
Warmestrommessers  und  vom  mittleren  Abschnitt 
zum  Austritt  des  flieBenden  Mediums  gebildet  wird, 
wodurch  die  mittleren  Temperaturen  derflieBenden 
Medien,  die  aneinander  angrenzen,  etwa  gleich  20 
sind,  und  wobei  der  Mittelwert  der  Temperatur  iiber 
der  zweiten  Oberflache  des  Prufkorpers  ermittelt 
wird. 

Vorrichtung  fur  das  Messen  der  Warmeleitfahigkeit  25 
nach  Anspruch  3,  bei  der  die  erste  MeBeinrichtung 
der  MeBvorrichtung  fur  den  Warmestrom  aufweist: 

(a)  eine  MeBvorrichtung  (15)  fur  den  Warme- 
strom,  das  darin  einen  Stromungsweg  (17)  auf-  30 
weist; 
(b)  eine  erste  Einrichtung  fur  die  Zufiihrung 
eines  ersten  flieBenden  Mediums,  um  ein 
erstes  flieBendes  Medium  mit  einer  vorge-  9. 
schriebenen  Temperatur  dem  Stromungsweg  35 
zuzufiihren,  und  um  das  flieBende  Medium  aus 
dem  Stromungsweg  zuriickzugewinnen;  und 
(c)  eine  erste  MeBvorrichtung  fur  die  Tempera- 
turdifferenz,  um  die  Temperaturdifferenz  zwi- 
schen  dem  zugefuhrten  und  dem  zuriickge-  40 
wonnenen  ersten  flieBenden  Medium  zu  mes- 
sen; 
und  bei  der  die  zweite  meBeinrichtung  (16)  auf- 
weist: 
(d)  einen  MeBring  fur  den  Warmestrom,  der  45  ic 
darin  einen  Stromungsweg  (22)  aufweist; 
(e)  eine  zweite  Einrichtung  fur  die  Zufiihrung 
des  flieBenden  Mediums,  um  ein  zweites  flie- 
Bendes  Medium  mit  einer  vorgeschriebenen 
Temperatur  dem  Stromungsweg  zuzufiihren,  so 
und  um  das  zweite  flieBende  Medium  aus  dem 
Weg  zuriickzugewinnen;  und 
(f)  eine  zweite  MeBvorrichtung  fur  die  Tempe- 
raturdifferenz,  um  die  Temperaturdifferenz  zwi- 
schen  dem  zugefuhrten  zweiten  flieBenden  55  R< 
Medium  und  dem  zuruckgewonnenen  zweiten 
flieBenden  Medium  zumessen,  wodurch  der  1. 
Warmestrom  durch  den  Prufkorper  entspre- 

chend  der  Temperaturdifferenz  zwischen  dem 
ersten  und  dem  zweiten  flieBenden  Medium 
gemessen  wird. 

.  Vorrichtung  fur  das  Messen  der  Warmeleitfahigkeit 
nach  Anspruch  1,  bei  der  die  Kammer  (8)  so  kon- 
struiert  ist,  dal3  sie  den  zweiten  Raum  im  Zustand 
des  Vakuums  halt,  um  somit  den  Warmeverlust 
infolge  der  Konvektion  von  der  MeBvorrichtung  fur 
den  Warmestrom  zum  zweiten  Raum  zu  begren- 
zen. 

.  Vorrichtung  fur  das  Messen  der  Warmeleitfahigkeit 
nach  Anspruch  1,  wobei  die  Vorrichtung  weiter 
dadurch  gekennzeichnet  ist,  dal3: 

(a)  eine  Bezugsplatte  (30)  mit  einer  bekannten 
Warmeleitfahigkeit  so  bereitgestellt  wird,  dal3 
die  erste  Oberflache  der  Bezugsplatte  mit  der 
zweiten  Oberflache  des  Prufkorpers  in  Beriih- 
rung  ist; 
(b)  die  MeBvorrichtung  (15,  30)  fur  den  Warme- 
strom  in  Beriihrung  mit  der  zweiten  Oberflache 
der  Bezugsplatte  (31)  angeordnet  ist,  um  die 
Temperatur  der  zweiten  Oberflache  der 
Bezugsplatte  auf  der  vorgegebenen  Tempera- 
tur  zu  halten,  und  um  die  Warmeenergie  zu 
messen,  die  durch  die  zweite  Oberflache  hin- 
durchstromt;  und 
(c)  das  zweite  Thermometer  fur  das  Messen 
der  Temperatur  der  zweiten  Oberflache  der 
Bezugsplatte  angeordnet  ist. 

.  Vorrichtung  fur  das  Messen  der  Warmeleitfahigkeit 
nach  Anspruch  8,  bei  der  das  langliche  laminare 
Warmeiibergangselement  fur  Bezugszwecke  spi- 
ralformig  von  einem  mittleren  Abschnitt  der 
Bezugsplatte  aus  zu  dessen  peripheren  Abschnitt 
gewickelt  ist,  wobei  ein  Spalt  zwischen  den  benach- 
barten  Abschnitten  des  Elementes  gebildet  wird, 
wodurch  die  Warmeleitfahigkeit  der  Bezugsplatte  in 
der  radialen  Richtung  kleiner  ist  als  in  der  Dicken- 
richtung. 

0.  Vorrichtung  fur  das  Messen  der  Warmeleitfahigkeit 
nach  Anspruch  8,  bei  der  die  Bezugsplatte  ein  lang- 
liches  laminares  Warmeiibergangselement  auf- 
weist,  das  koaxial  gewickelt  ist,  wobei  ein  Spalt  zwi- 
schen  den  benachbarten  Abschnitten  des  Elemen- 
tes  gebildet  wird,  wodurch  die  Warmeleitfahigkeit 
der  Bezugsplatte  in  der  radialen  Richtung  kleiner  ist 
als  in  der  Dickenrichtung. 

Revendications 

1.  Appareil  de  mesure  de  la  conductivity  thermique 
d'un  echantillon  (S),  I'echantillon  comportant  une 
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premiere  et  une  deuxieme  surface  ainsi  qu'une  peri- 
pherie,  ledit  appareil  comprenant: 

(a)  une  chambre  de  mesure  (8)  definissant  un 
espace  interne  pour  y  maintenir  l'echantillon;  s 
(b)  une  source  de  chaleur  (9)  pour  chauffer  uni- 
formement  la  premiere  surface  de  I'echantillon; 
(c)  un  premier  thermometre  (34)  pour  mesurer 
la  temperature  de  la  premiere  surface  de 
I'echantillon;  et  10 
(d)  un  deuxieme  thermometre  (33)  pour  mesu- 
rer  la  temperature  de  la  deuxieme  surface  de 
I'echantillon; 
ledit  appareil  etant  caracterise  en  ce  que 
I'espace  interne  est  adiabatiquement  enferme;  15 
ladite  source  de  chaleur  (9)  s'etendant  a  travers 
pratiquement  I'ensemble  de  la  section  trans- 
versale  de  la  chambre  de  mesure,  de  sorte  a 
diriger  uniformement  la  chaleur  vers  I'espace 
interne;  et  20 
un  moyen  de  mesure  du  flux  thermique  (1  5,  30 
a  31  )  s'etendant  a  travers  la  section  transver- 
sale  de  la  chambre  adiabatique  pour  contacter 
une  surface  interne  correspondante,  etant 
agence  de  sorte  a  contacter  la  deuxieme  sur-  25 
face  de  I'echantillon  au-dela  de  la  section  trans- 
versale  de  la  chambre,  pour  maintenir  la  tem- 
perature  de  la  deuxieme  surface  de  I'echan- 
tillon  a  une  temperature  predeterminee  et  pour 
mesurer  I'energie  thermique  traversant  la  30 
deuxieme  surface; 
la  chambre  de  mesure  (8)  pouvant  maintenir 
I'echantillon  de  sorte  que  la  surface  peripheri- 
que  de  I'echantillon  peut  contacter  la  surface 
interne  de  la  chambre  adiabatique  ainsi  que  le  35 
moyen  de  mesure  du  flux  thermique  a  travers 
la  section  transversale  de  la  chambre,  la  source 
de  chaleur  pouvant  ainsi  chauffer  uniforme- 
ment  la  premiere  surface  de  I'echantillon  au- 
dela  de  la  section  transversale  de  la  chambre,  40 
etablissant  ainsi  un  flux  thermique  pratique- 
ment  unidirectionnel  a  travers  I'echantillon,  de 
la  premiere  surface  de  I'echantillon,  a  travers 
I'echantillon  et  ensuite  a  travers  la  deuxieme 
surface  de  I'echantillon.  45 

2.  Appareil  de  mesure  de  la  conductivity  thermique 
selon  la  revendication  1  ,  dans  lequel  la  chambre  de 
mesure  (8)  comporte  une  couche  externe  (6,  7)  de 
faible  conductivity  thermique  et  une  couche  interne  so 
(14)  de  conductivity  thermique  elevee,  agencee  a 
I'interieur  de  la  couche  externe,  I'echantillon  (S) 
etant  maintenu  en  position,  sa  peripherie  etant  en 
contact  avec  la  couche  interne,  pour  permettre 
I'ameneede  lachaleurfournieparlasourcedecha-  55 
leur  vers  la  peripherie  de  I'echantillon  a  travers  la 
couche  interne,  reduisant  ainsi  au  minimum  la  dif- 
ference  de  temperature  entre  les  parties  centrale  et 

externe  de  l'echantillon. 

3.  Appareil  de  mesure  de  la  conductivity  thermique 
selon  la  revendication  1  ,  dans  lequel  le  dispositif  de 
mesure  du  flux  thermique  (15,  30  a  32)  comprend: 

(a)  une  premiere  unite  de  mesure  (15)  agencee 
en  contact  avec  la  deuxieme  surface  de 
l'echantillon  (S),  pour  maintenir  la  temperature 
de  la  deuxieme  surface  a  une  temperature  pre- 
determinee  et  pour  mesurer  le  flux  thermique 
traversant  l'echantillon;  et 
(b)  une  deuxieme  unite  de  mesure  (16)  agen- 
cee  en  contact  avec  une  peripherie  de  la  pre- 
miere  unite  de  mesure,  pour  maintenir  la  tem- 
perature  de  la  peripherie  a  un  niveau  predeter- 
mine  et  pour  mesurer  le  flux  thermique  a  travers 
la  peripherie,  supprimant  ainsi  la  perte  de  cha- 
leur  a  travers  la  peripherie  de  la  premiere  unite 
de  mesure. 

4.  Appareil  de  mesure  de  la  conductivity  thermique 
selon  la  revendication  1  ,  dans  lequel  le  dispositif  de 
mesure  du  flux  thermique  comprend: 

(a)  un  moyen  de  mesure  du  flux  thermique  (15) 
comportant  une  voie  d'ecoulement  (17); 
(b)  un  moyen  d'alimentation  de  fluide  (20,  21) 
pour  amener  un  fluide  d'une  temperature  spe- 
cifiee  vers  la  voie  d'ecoulement  et  pour  recupe- 
rer  le  fluide  de  la  voie  d'ecoulement;  et 
(c)  un  moyen  de  mesure  de  la  difference  de 
temperature,  pour  mesurer  la  difference  de 
temperature  entre  le  fluide  amene  et  recupere, 
mesurant  ainsi  le  flux  thermique  a  travers 
l'echantillon  sur  la  base  de  la  difference  de  tem- 
perature  du  fluide. 

5.  Appareil  de  mesure  de  la  conductivity  thermique 
selon  la  revendication  4,  dans  lequel  le  moyen  de 
mesure  du  flux  thermique  comprend  une  entree  de 
fluide  (1  8)  et  une  sortie  du  fluide  (19),  agencees  au 
niveau  d'une  partie  peripherique  externe  corres- 
pondante,  la  voie  d'ecoulement  (17)  ayant  une 
forme  en  spirale  de  I'entree  du  fluide  vers  une  partie 
centrale  du  fluxmetre  thermique  et  de  la  partie  cen- 
trale  vers  la  sortie  du  fluide,  la  temperature 
moyenne  des  fluides  adjacents  etant  ainsi  pratique- 
ment  egale  et  la  temperature  representant  une  tem- 
perature  moyenne  au-dela  de  la  deuxieme  surface 
de  l'echantillon. 

6.  Appareil  de  mesure  de  la  conductivity  thermique 
selon  la  revendication  3,  dans  lequel  la  premiere 
unite  de  mesure  du  dispositif  de  mesure  du  flux 
thermique  comprend: 

(a)  un  moyen  de  mesure  du  flux  thermique  (15) 
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comprenant  une  voie  d'ecoulement  (17); 
(b)  un  premier  moyen  d'alimentation  de  fluide 
pour  amener  un  premier  fluide  d'une  tempera- 
ture  specifiee  vers  la  voie  d'ecoulement  et  pour 
recuperer  le  fluide  de  la  voie  d'ecoulement;  et  s 
(c)  un  premier  moyen  de  mesure  de  la  diffe- 
rence  de  temperature  pour  mesurer  la  diffe- 
rence  de  temperature  entre  le  premier  fluide 
amene  et  le  premier  fluide  recupere; 
la  deuxieme  unite  (16)  comprenant:  10 
(d)  un  anneau  de  mesure  du  flux  thermique 
comportant  une  voie  d'ecoulement  (22); 
(e)  un  deuxieme  dispositif  d'alimentation  de 
fluide  pour  amener  un  deuxieme  fluide  d'une 
temperature  specifiee  vers  la  voie  d'ecoule-  15 
ment  et  pour  recuperer  le  deuxieme  fluide  de 
la  voie;  et 
(f)  un  deuxieme  moyen  de  mesure  de  la  diffe- 
rence  de  temperature  pour  mesurer  la  diffe- 
rence  de  temperature  entre  le  deuxieme  fluide  20 
amene  et  le  deuxieme  fluide  recupere,  le  flux 
thermique  a  travers  l'echantillon  etant  ainsi 
mesure  en  fonction  de  la  difference  de  tempe- 
rature  entre  le  premier  et  le  deuxieme  fluide. 

25 
7.  Appareil  de  mesure  de  la  conductivity  thermique 

selon  la  revendication  1  ,  dans  lequel  la  chambre  (8) 
est  destinee  a  maintenir  un  deuxieme  espace  a  un 
etat  de  vide,  de  sorte  a  supprimer  la  perte  de  cha- 
leur  due  a  la  convection  a  partir  du  dispositif  de  30 
mesure  du  flux  thermique  vers  le  deuxieme  espace. 

8.  Appareil  de  mesure  de  la  conductivity  thermique 
selon  la  revendication  1,  ledit  appareil  etant  en 
outre  caracterise  en  ce  que:  35 

(a)  une  plaque  de  reference  (30)  d'une  conduc- 
tivity  thermique  connue  est  agencee  de  sorte 
qu'une  premiere  surface  de  la  plaque  de  refe- 
rence  est  en  contact  avec  la  deuxieme  surface  40 
de  l'echantillon; 
(b)  le  moyen  de  mesure  du  flux  thermique  (15, 
30)  est  agence  en  contact  avec  la  deuxieme 
surface  de  la  plaque  de  reference  (31),  pour 
maintenir  la  temperature  de  la  deuxieme  sur-  45 
face  de  la  plaque  de  reference  a  une  tempera- 
ture  predeterminee  et  pour  mesurer  I'energie 
thermique  traversant  la  deuxieme  surface;  et 
(c)  le  deuxieme  thermometre  sert  a  mesurer  la 
temperature  de  la  deuxieme  surface  de  la  pla-  so 
que  de  reference. 

9.  Appareil  de  mesure  de  la  conductivity  thermique 
selon  la  revendication  8,  dans  lequel  I'element  de 
reference  de  transfert  de  chaleur  allonge  lamellaire  55 
est  enroule  en  spirale  a  partir  d'une  partie  centrale 
de  la  plaque  de  reference  vers  une  partie  periphe- 
rique  correspondante,  etablissant  un  espace  entre 

les  parties  adjacentes  de  I'element,  la  conductivity 
thermique  de  la  plaque  de  reference  etant  ainsi  infe- 
rieure  dans  la  direction  radiale  a  celle  dans  la  direc- 
tion  de  I'epaisseur. 

10.  Appareil  de  mesure  de  la  conductivity  thermique 
selon  la  revendication  8,  dans  lequel  la  plaque  de 
reference  comprend  un  element  allonge  lamellaire 
de  transfert  de  la  chaleur  enroule  coaxialement, 
etablissant  un  espace  entre  les  parties  adjacentes 
de  I'element,  la  conductivity  thermique  de  la  plaque 
de  reference  etant  ainsi  inferieure  dans  la  direction 
radiale  a  celle  dans  la  direction  de  I'epaisseur. 
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